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SENIOR STAi r MAn ER.S 

Appointments — .Mr. H. P. Bezbaruah joined as Plant Bieedcr on 
the 2nd Januaiy 1967. Mr. B. Cf Barixrra joined as an .\d\isor\ Officer 
on 2nd Jamiaiy 1968. .Mr. S. Maziimdar joined as an .\ccoinus Olliccr 
on 1st I'ehniaiy 1968. .\Ir. I'. C. Barua ssas appointed a' the .Second 

Research Engineer on -Ith March 1968. Mr. M. K. Cihoudhnri uas de- 
signated as Administrative & f inance Ciontroller on 19th March 1968. 

Resignations — 1 he following Ofiicers left the .A'sociation's service 
during the ye.ti on the dates shown against their names : Mr. C-. 
Bordolov e, Second Research Engineer on the 17th July. Mr. .S. K, Banerjec. 
Second lea Tastei on the Idth December. 

Retirement — .Mr. J R. Gce-.Sniyth. .Admini^ti .itiv e C ontuillcr lelt 
the Station on letirement on the 19th March. 1968. 

C OM ERENt E 

Ihc I wcnty Ihirii Conlercncc was Ircld at 1 ocklai from the 7ih to 9iii 
Novcmlrcr, 1967. 


COURSES 

flic following L.cctuic Cioui'cs wcie held during 1967 

(1 Vegetative Propagation Course 

1st Canirsc - 29th May to 2nd June - 22 planters attended 
2nd Cioursc - 3 th June ts> 9th June - 27 planters attended 
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(2) Field Management Course 

1st Coiu'sC -- 3r(l i<> 7th July 
2ncl Course - lOtli to 14 July 
3rd Course - 17lh to 21st Jttly 


- 23 plaiitfis attciidi'il 

- 20 plantcis attendfd 

- 22 planters attended 


{ 3 } Agricultural Chemical Course 

1st Course - 31sl JuK to 2nd August 
2nd Course - 7th to Oth August 


18 planters attended 
27 planters attenrled 


(4) Factory Management Course 

1st Course - 21st to 25th Augint - 18 planteis atteiukd 
2nd Course - 28th Aug to 1st Sept. - 26 planters attended 


iral\i:es 

Se\en employees ol Menihri estate*, one Iroin \on-Member estates 
and otie 'ritrkish National .utended and coni|)Iete(l their One sear 'riaining 
Couiscat Bc)i!)hetta. iJosen 'tudents joineel the \ . 1’. I'laining Course out 
of which sc\en ci.anpleted the couisc. 


\I.SlTORS 

Some of the \’isitot,', in .tdditii.n to local plantei who .tic listed bt low : 

Dr. r.tic r. \N’. Dll.';, M .S N Co. Li<i , l.i'ndon. 

Mr. iN Mi' \\’. Keiinetlt W.un'ii. M .S Janies W.uien N (in. I, id . Lou'lon 
Mr. R. W. Palinii. .\le\ l.awiie N (io.. Ltd. 

.Mr. J. 1) Willis. M S Hahnei I..iwiie sN ( o Ltd., ( .di titta. 

Mi. P. M. Closer. .M 's J.inii s W'aiien sV ( o Ltd. 

Mr. (r W. L'. l.iddle. .\[ ILL. .M S Cilhnuieis .\ihnlhnot .Js; (!o L'd , 
London 

Mr. Baldev Singh, Ci.S.I.R., New Delhi. 

.Ml. R. 1. .Macalpine, .\1 S .McLeod & (io. Ltd., ( akutta. 

Dr. Dietrich Divcl, Univeisity of ILimbuig, W . Ceiinans. 

.Mr. Card H. Van Vclthu>/.cn, L. M. C. hui i aatioiud. New York. 

Mr. 1'. R. J. Bagley, .M.B.E., M .S Mi Leod & Co. Ltd., Calcutta. 

Mr. -Mrs. J. E. Farrel, New Zealand High Commiision, -New Delhi. 
S r Owain Jenkins & Parts - The .\ssain C-'o. Ltd. 

Nfr. J. -Morire, M S Williamson .Magor & ( o. Ltd., Caleulta. 

Mr. Kigoshi Katsuo, Makura/aki, Kago.hima, Japan. 

Mr. Shun Amma, Makurazaki. Kagoshima, |a|)an. 

Mr. R. C. X, Scott, James Finkp & Co. Ltd., Calcutta. 

Mr. E. Hainsworth, Tea Researrh Institute of Fkast Aftiica. 

Dr. R. T. Ellis, Tea Research Institute of Cential .\frica. 

Mr. P. K. Kanoria, l ea Re.scari h .Association, Cialeutta. 
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Mr. P. Cl. Cf)uloii Sniiili, Moiati lea C'o. Ltd., Lonilon. 

Mr. J. J'. Hay, Moran Tea Co. Ltd., LoikIoji. 

Mi. -N. S. Bedi, M S Dnnlop', Calcutta. 

Mr. S. Das M/S Hutilops, Calcutta. 

Mr. II. R. Ji. Scetlc, Bombay Btiirnali Irading Corporation Ltd., South 
India. 

.Mr. R. K. Kamal, D.Cb.S. Dceclopmcnt; N. L. Rly. 

Mr. P. V. B. Sauna, D.Cb.S., X. P. Rly., Dibrugarh. 

Dr. Xatadennadi, .\sian Development Bank. Manila. 

Mr. O. P. Shrivastav, lea Boarrl, Delhi. 

Mr. Kiyoshi Komai, Kawasaki lion Work", Japan. 

Mr. d’akashi Harada, Terada Seisakujo C.'o. Ltd., Japan. 

Mr. 'I'atsuio Miyamura, Miyamura Iron Works Ltd., Japan. 

Mr. Sojiro Sano, Matsushitakojo Co. Ltd., Japan. 

Mr. Mitsiio Kii'hida, Nagoya .Air & Touri'^t Branch. Japan. 

Mr. & Mrs. L. D. Maguire, Davidson & (o. Ltd., X. Ireland. 

Mr. J. J. Blown, .Andrew Yule & C’o Ltd. 

Lt. C'ol. 1'. W, S. Roberts. Jorehaut Pea C’o. Ltd., London. 

Dr. B. P. Pa!, Hie Barooah Committee .Member. 

Dr. C). P. (iautam, 1 he Barooah Committee .Membei. 

Mr. P. (’. B.nooab, I he Barooah (’ommittee Member 

Mr. K. S. A’erma, I he Barooah Committee Membei . 

.Mr. H. C:. B annciinaii of -M acneill & Barry Ltd.. London. 

Mr. J. 1'. M. riirpin, .Macneill & Barry Ltd. 

Mr, R. (I. -M.ulow iLt Secrci.u\, Commercial Briti-h High Commission. 
Calcutta. 

Mr. H, rergusen. Jamc' 1 inlay & C o., Cla-gow. 



ADVISORY DEPARTMENT 
ASSAM 


1. Visits 

llic demand fur adviboi) vigils increased in all ihc thiec main districts 
i.e. South Bank, Xoith Bank and Clachar. Estates, especially those which 
ha\e joined r.R.A. comparatively recently, were keen on seeking advice 
and patting it into practice and it has been gratifsing to note that in most 
of these cases good results have been obtained. 

It appears that the gieatcst stumbling block in following some types ol 
advice, the results of which mav not be apparent immediately, is the poor 
economic conditions of some estates. For example, an estate with little 
scope for extension, hesitates to keep areas due for replanting two yeans 
under a rehabilitation cro[> alici upi outing, although it realises that as 
a long-term policx , such a in aiincni < ould definitely be a pa\ ing pro|X)sition. 
Many estates, for the same isjte of H-asons, arc hesitant to use herbicides. 

Routine advisois \isits mail'' b\ the .kdsisoiA Ollicers were as follows 


.\reas 

|i'otal .No. of visits f 

No of estates visited 

South Batik 

1 2+2 

1 

140 

■North Bank 

131 . 

' 

1)5 

Cachar 

I O J 


32 


In addition, visits weic made in oonncxioa with the conduct ol lield 
experiments as follows 

South Bank — 3') \ isits 
North Bank — Id ,, 

Cachat — 23 ,, 

2. Field Management Practices 

[aj Drainage : There is a grow'ing awareness of the importance of 
drainage and much work otr it had Ijccn started in matiy estates. I he 
major obstacle and problem encountered in so much drainage work is the 
lack of suitable outlets during the rains. In Clachar, the situation h.is be- 
come worse as a result of silting up of riser beds, and there is a considctablc 
backing up of flood water from the livers into the Hat lands following heavy 
rains in the hills. This situation is causing great toiieern. 

The imiMsrtancc of contour surveys is being impressed ttpon tnatiage- 
ments and the necessits for contour drains, both lot efleitivc diaitiage and 
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a measure against soil erosion, is also being gradually realised whenever 
new planting or replanting is undertaken. Laek of adequate surveying 
eqniitment and personnel with a sufficient practical knowledge of modern 
drainage methods, fiequcntly hampers the laying out of effective drainage 
systems. 

b) Pruning cycle; Most estates in the .\ssam Valley have welcomed 
tlie introduction of longer pruning cycles and the area under ‘kiff has risen 
consideraljiy. Planters are generally consinced that the quality and the 
appearance of made tea are not affected by deep skifTing but they are as 
yet uiKertain as to what the effects of medium skifling are on their teas 
manufactured by cither C^TC: or Orthodox methods. 

On the North Bank, many estates continued to deep skiff at 12.. 5 cm '5 ' 
and to pluck over 7.5 cm (3 of new growth with good results. 

In Cachar, pntnc — deep skiff— medium skiff or prune — medium skiff — 
light skiff cycle has been recommended 'fhne is a noticeable trend, 
particularly so in the case of propiietory estates, to follow a longer pruning 
cycle witli completely unprntted tea. 

c Shade : Indigojrra which v\as introduced to the tea in- 

dtistiy b\ focklai only abotit eight yeai; av'->. and Alh\r.-ia odoialissima 
ate now by I'ar the most popular trees as ;cmi<orai\ and permanent shade 
species res|H-ctively. Albizzia hhbek. Aihi'-m hnnln. A,acia lenticuhris and 
Dfrri'i lohiiAa have also been recommemled as jiermanent shade species. 
On the other hand, planters have been tlissnaded bv .\dvisory Orticers 
from using Albizzin Alhizzm fub ala .S\n. wdiHU'nna , Albizzui fno- 

enn atitl (n'.'ia ^iarrifa. 

Heavy infestation of C'eiambycid grub has caused serious canker 
on D. robusin in some estates in Ciachar and young .f. lurida has been found 
to l>e very prone to canker caused by the grubs of the beetle bfesoni 

in all areas, (food protection has however been obtained from the applica- 
tion of lime stilphur and Dieldrex. . 1 . odotallssima. A.f>iorera and A. Ubbek 
suffered m some estates, espccialK on the North Bank, from attacks of Stei- 
tiocrra root borers but good control was obtained by hand collection of eggs 
from July to October and by applications of Telodrin in October and 
.\fareh. 

In some estates poor growth i>f shjtle iiecs could be traced to planting 
in small pits without adequate manuring, ami planting of tcxi small plants 
in matin c tea sections, .\pplicalions of cattle manure, superphosphate. 
wo<,d ash or other potash f< rlili/ers. and lime to shade nurseries have been 
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I t'comniciidt-^d to pioniotc vij^oroiiN ^^rowtli of s{'t'dlint^s. Rcmilur ‘'prHviiigs 
botli in nuiyciit-s and licld with ILiidrcx oi Tliiod.in against jjcsts such as 
Membracids, p^ylhds, defoliating caterpillars and beetles, and with copper 
fungicide against red rust have also been recommended. The importance 
of digging deep transplanting pits and adequate manuring at the time of 
planting have been stressed again atul again. 

d Cultivation and weed control : Mans estates have tried Para- 
quat Cramo.xoiie , Dalaptm attd .Sim.i/ine iu tea at e. is. arul 2 1 1) in non- 
tea areas mainly to control Nlik.uua. ()ne big companv in Lpi>cr .Assam 
has virtually replaced manual cultivation by sprasing (!ramo\one with 
gre.at economic advantage, .\dvisoiy Olfici'is h.ivc been trving to eoiivinee 
planters that ftnaneial benclit can be rleiivcil from continuous use of hei- 
bieides, especialK in voting te.i are. is which often cannot be kept wi-ed 
free because of shortage of labour. However, the two main diawbaek-- 
to the use of herlticides are the initial high cost and the poor availability 
of Gramo-cone whieb is b\ far the mo-i extensivelv used lieibicide iu lea 
in .Assam. Suitable machines for spraving heiliieides are easily available. 

The importance of mulching is realised and accepted, bm most estates 
find it to be too estpctisive. .Nevertheless some wiili moie easilv available 
labour, have tried mulching with great adv.iniage I'lic .\dvisi)i\ Ollicers 
have advised mtuagcmeuls to ist.ihlisli mulching eiop> viieh as qb 
ciiTutila Weeping Love guts', and ! mu lu\mn ( iuatein.da glass, iu 
all ttti-utilized areas ol estate--, so th.ii tn.iieiial lor inulilung is mote leailiK 
and ehe.qrly availahle. 

Damage to the collars of young le.i caused bv the eheel hoe is veiv com- 
mon, though managements have been repeatedly advised to do liand weed- 
ing only around the collar of young tea plants. The formation of high 
ridges inbelwcen the tea hedges, due to faulty etihivaiinn is often seen and 
in one estate on the Xoith Bank, soil samples w<-re analv'.-d liqm the lidgrs 
and depressions and it was found that the available quantities of phosphate 
and potash were far more in the former than in the latter where mo.st of 
the feeding roots are. 

(e,i Manuring s Most estates have accepted the revised Toeklai re- 
commendations on manuring and the majority of rerpiests for a Iviee were 
mainly in connexion with the eliangi-s invobed, p.uiieulailv on how to 
convert Y.T.C. mixture to A’.T.D, 

'fj Pruning of young tea : Death of pi mt-, espeeiallv in the ease 
of clones, was reporteti foim several estates following pruning and eenler- 
ing at the getiera'iv accepted pruning time fiuin the end of Januaiy to early 
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February. The cause of death has been attributed to a total absence of 
starch reserves in the roots at the time of pruning, and consequently planters 
are now being advised to carry out the iodine test for starch before starting 
pruning and centering. Excellent results have been obtained wherever 
this advice was followed. 

(g) Other field management practices : Advice was also sought 
on nursery techniques (both seeds and clones;, control of pests and diseases, 
spacing of tea, green crops and ground cover crops, grasses for soil rehabilita- 
tion, maintenance of clonal multiplication plots etc. 

3. Pest and Disease Control 

There has been a general decline in red spider and other mite attacks 
in the Assam Valley but serious looper caterpillar and green fly attacks were 
reptorted from several estates. Incidence of LymarUrid caterpillar, red 
slug and iMwana conspersa was reported from the North Bank, and of red spider, 
scarlet mite, purple mite and hclopeltis from C'achar. 

Red rust in all regions continues to l>e the most common disease in tea 
and the reasons for its pi evalcncc are many, such as general debility of plants 
in replanted sections, lack of shade, the use of red rust susceptible green 
crops (viz. Tephrosia Candida), inadequate drainage and last but not the least 
insufficient chemical spray control. Black rot incidence was heavy in 
many estates in the ,\ssam Valley and Cachar from July to Seotember 
Spraying against black rot is often not given much attention, one reason 
being that the spraying schedule against black rot coincides with the heavv 
cropping period and thus managements find it difficult to divert 
labour from plucking onto spraying. There arc instances where thinning 
out of shade and both prophylactic and palliatixc sprayings resulted in 
an immediate economic increase in yield. As regards blister blight, its 
sporadic incidence was reported only from a few estates in Cachar and 
on the South Bank. 

Sun scorch damage was quite severe in .August-September in some 
estates on the South Bank. The damage is knoun to take place in poorly 
shaded areas when hot sunny dry at d cloudy wet six'lls alternate. But two 
other factors were common to all the c.ases e.xamincd and those were, too 
high water-tables and light-leafed Assam jnts. 

A sufficient number of power sprayers is not available in many estates 
although there appicars to be no shortage of suitable equipment on the market. 
Hence in the case of an epidemic, such as that of looper caterpillar, a con- 
siderable loss in crop is inevitable. .\ few estates who have bought adequate 
2 
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power sprayers at the insistence of Advisory Officers have realised the cost 
of machines in the very first season. 

Spraying techniques and maintenance of the machines are often in- 
correct and much improvement is needed. 

The supply position of some of the important pesticides such as Tedion, 
Kelthane and Telodrin continues to be inadequate and causes great 
concern. Planters have been advised to place orders for pesticides well 
ahead of schedule and as a safeguard, alternative chemicals such as Ethion, 
Trithion, Morocide and Thiodan have been recommended. 

4. Extension, Uprooting and Replanting 

Where reserv'e land is available, the accent is more on extension plant- 
ing than on replanting. The reasons are to some extent political but mainly 
a matter of economics. The uprooting and replanting situation is parti- 
cularly critical in estates where land for extension is not available, and 
they are in the present economic circumstances, often forced to maintain 
poor sections because the interim loss of total estate crop cannot be accepted 
The apprehension is so acute that even where replanting is a regular matter 
of policy, uprooted areas are often replanted without adopting any soil 
rehabilitation practices at all, and as a result much of the replanted tea 
to-day is poor and indifferent, and is predictably, causing constant worry to 
management and Advisory Officers, The important reasons for f.tilure 
of replanted teas can be summed up as follows 

(1) Hesitancy on the part of managements to spare tiprooicd areas 
for a period of two years for rehabilitation before replanting. 

(2) Failure to establish good soil rehabilitation crops. 

(3) Absence of indigenously produced tractors which arc powerful 
enough to draw a sub-soiler to a depth of more than 5.5 cm. As 
a result, the ‘pan’ in the sub-soil remain.s undisturbed with all its 
undedrable effects on drainage and soil structure. 

To counteract these shortcomings, the .Advisory Officers have stressed 
the importance of using powerful tractors (55 H.P. at least) for sub-soiling 
and have made efforts to convince planters that rehabilitation of uprooted 
areas under a good green crop for at least two years pays in the long run, 
and for the better growth of leguminous green crops superphosphate must 
lie used at the time of sowing seeds. The suggestions have unfortunately 
not been accepted as widely as hoped but in the cases where they hive been, 
most encouraging results have been obtained. Guatemala grass and Mi- 
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tnosa iiiviia have been recommended as improved types of soil rehabilita- 
tion crops and many estates have now established these green crops in mul- 
tiplication plots and it is hoped they will in due course make the best use 
of them in the field. 

In the Assam Valley, replanting has generally been at the rate of 2 to 
3 per cent where replanting is a normal estate practice but the percentage 
of extension areas varied a great deal from estate to estate and, therefore, 
it is difficult to quote a figuie. In Cachar, replanting has been virtuall\ 
nil; most of the tea that is planted out every year (from 1 .25 per cent in 
North Cachar to 2.24 per cent in Hailakandi goes into extension and, or 
replacement plantings. 

A bush population of about 12,345 per hectare has been generally con- 
sidered as optimum but it will have to be varied between 11,111 and 13.45(3 
per hectare depending upon the spreading habits of the plants and the ftt- 
tilits status of the soil i.e. uhen the soil is poor and or the plants have an 
upright giouih habit, the bush population will be higher. 

'I'hc two sjjac ings which have often been suggested arc 120 cm 75 cm 
.X 75 cm regular double hedge or 120 cm X 60 cm x 90 cm staggered 
double hedge. l)ut in the steep slopes of C^achar. single hedges on the con* 
tour are still piel'erred. 

5. Agricultural Machinery 

In mans estates, sub-soiling was done with a 35 H.P. wheeled tractor 
which can draw a sub-soilcr to a depth of only about 35 cm, whereas those 
estates which in accordance with our recommendations, were able to use 
heavier tractors of 55 H.P. or more, were able to sub-soil down to 60 cm. 

On a number of estates, spiinklcrs and other in igation ecjuipmcnt have 
been used to irrigate >oung and mature tea. I he i .xact economics of irriga- 
tion under the conditions of these estates is not known to us but the results 
so far obtained from a few irrigation experiments conducted b\ oui^eh cs 
in the .\ssain \’allcy have not indicated that irrigation for vield i' econo- 
mical. With the present trend of having more and moie of skitfed tea, 
the situation may however alter especially in drought prone aicas. in ft, oar 
of primarily survival iriigation. 

6. Miscellaneous 

lai Completely unpruned tea : In one estate on the North Bank, 
the total increase in crop in the first year from leaving tea completclv un- 
pinned i^without irrigation was to the extent ol 34 per cent over annuallv 
pruned tea. On the South Bank, in some iriigated vigorus mature tea 
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areas, the average increase was to the extent of 37 per cent. la Cachar, 
one group of estates was able to increase its yield by over 80 per cent witliin 
a period of four years by adopting longer pruning cycles with at least 75 
per cent of tea totally unpruned. Our opinion is that this large increase 
is not only due to the benefits of longer pruning cycles as such but also to 
a high standard of management. 

(b) Root depth : Studies on root growth undertaken on the North 
Bank showed that there was considerable variation on root development 
depending on height of water table and soil texture. In one mature section, 
a high water table and stiff lower layers of soil caused the root system to 
be restricted to within the first 40 < m from the surface wherea.s in a free- 
drained sandy soil, the tap root of mature buslics was found to have extended 
to a depth of 3.4 m. 

In Cachar, studies were undertaken in one estate, both on flats and 
teelas, to see whether unrestricted top growth could help in causing deeper 
root penetration. All the bushes examined were of Silbhetta origin, planted 
out during 1941 and brought into plucking thereafter. Some of these 
were selected as seed bearers in 1953 and allowed to grow unpruned, 
whereas the remainder were left for plucking. In terms of depth of rooting, 
the seed bearers on the flat appeared to be very littledifi'ei ent from the plucked 
bushes and this would be expected from the elTccts of high water table that 
is normally present on such flats but on tcclas, where the water table was 
nota limiting factor, the "-ced bearers had roots which penetrated deeper. 
It is howescr Nignilicant to note that spread at all sites was clearly greater 
for the seed Iscarcis. Considering the total rexjt syst'-in, it is likely that 
the seed bearers whether on teelas or on flats had developed more than 
bushes under plucking. I'his at first sight appears to be an effect of not 
pruning against frequent pruning but so far, no observations have been 
taken on roots under tea maintained on various lengths of pruning cycles. 

Meetings 

Area Scientific Committee 

Tfierc arc three Area Scientific Committees on the South Bank, two 
on the North Bank and one in Cachar. During the year, a total of 19 meet- 
ings were held as under 

South Bank, Area ( 1 ) — 3 

” ” ” ( 2 ) - - 1 

” ” ” f3) -- 4 

Xoith Hank, East ■ - 3 

” ” West — 3 

Cachar — 5 


Total— 19 
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By and large, the meetings were well-attended, especially in Cachar, 
on the North Bank and in Area 3 on the South Bank but Areas 1 and 2 on 
the South Bank made a rather slow beginning. The meetings proved 
very rewarding and helpful and they have opened new fields of contact 
between planters and the scientific staff. Interesting and useful discussions 
took place on a wide range of varied subjects. 

The committee meetings are generally followed by open meetings where 
all planters of the local sub-area are invited to join and take part in the 
discussion. 



ADVISORY DEPARTMENT— WEST BENGAL 

GENERAL 


The \Vcst Bengal Acl\'i'.ory Department consists of the Head Q^uarters 
office at Nagrakata where ihe Cihief Advisory Officer, West Bengal and 
Advisory Officer, Dooars reside, an office in Darjeeling for the Advisor)' 
Officer, Darjeeling and I'erai and a Soil I’csting Laboratory at Mai with 
Dr. Chanda in charge. During the year .Advisory Officers in the Dooars 
and Darjeeling concentrated on routine Advisory touring to Member estates. 
The Chief Advisory Ollicer, West Bengal, was kept occupied over the super- 
vision and conduct of field e.vperiments and Dr. N. B. Cffianda was on a 
special assignment collecting yield and field management data from Member 
estates. 

VISITS 

The .Advisory Officers who concentrated on routine touring, oflered 
their services to every Member estate two to three times during the year.- 
A total of 344 vistis were made to 137 .Member estates. I'he total number 
of Member estates in West Bengal on 31.12.67 was 178 and therefore 41 
Members did not make use of our services. The table below gives the 


breakdown of the 

visits made 

in each district. 


District 

No. of 1 

1 

No. of .Members 

.No. of .Member 


, visits ! 

visited 

estates in Dist. 

Dooars 

183 1 

79 

197 

Darjeeling 

' 111) 

13 

33 

I’erai 

51 

15 

18 

I’otal 

344 

137 

178 


Of the 344 visits made 46 were made ou special request and of these, 37 
were actually considered of sufficient importance to have warranted a special 
visit. 

I'herc are definite indications that the demand for the services of the 
.\dvisory Officers is on the increase during their regular touis. Howeser, 
it is disappointing to have to record that H .Member estates did not make 
use of the Advisory Officers during the year. One very satisfying aspect 
of the above figures is the large number of visits made during 1%7 to estates 
in the I’erai. This is a big change, for a few years ago the demand from 
the Terai was extremely poor. 




( 15 ) 


There has been a general increase in contact with the Proprietory owned 
estates who normally seek general advice and guidance on day to day pro- 
blems; this contrasts with the general pattern for Agency House managed 
estates whose requests for advice tend to be on specific problems. 

By and large it was found that action was taken on the advice given 
and there is nothing more satisfying for an Advisory Officer to find that 
his advice has been taken and his efforts have been worthwhile. It has 
been found on a few occasions that advice has been given in good faith, 
but this has been based on incorrect information furnished by the Manager. 
Advice based on incorrect information cannot result in benefit to the Mana- 
ger and is a waste of the Advisory Officer’s time. When advice is required 
on a problem, accurate details of all aspects of the problem must be given. 

In general all the districts had a good season and while the excellent 
weather must receive most of the credit for this, we would like to think that 
the efforts of the .\dvisory Officers helped in some small way. The prin- 
cipal points arising from advisory work during the year are discussed briefly 
below. 

(a' Drainage : This topic ocepuies a great deal of the Advisory Officers’ 
time on the plains gardens anti estates are becoming more conscious of the 
need for a proper and systematic system of drains. Advice on this big 
problem cannot be l)ased on sound scientific Itacking for there is a distinct 
lack of basic information on the various factors attached to drainage problems 
and as such all the recommendation are ad hoc. It is worth recording the 
fact that many estates still drain replanted and extension areas one or two 
years after planting. T his method is not satisfactory and a good system 
of drains can only be achieved by planning and digging the drains prior 
to planting in extension areas and before planting the rehabilitation crop 
in replanted areas. 

(b) Pruning Cycles ; Considerable interest has been shown on plains 
estates over the longer pruning cycles and more estates arc introducing one 
or other of the heavier skiffs. In Darjeeling there is also a tendency to 
prune at less frequent intervals and this has resulted in an increase in the 
valuable first and second flush crop. An esscnii.tl adjunct to an increase 
in the length of the pruning cycle in Darjeeling is the maintenance of astiict 
seven day plucking round, and on occasions gaidens that have introduced 
a longer pruning cycle have been unable to haivest the extra crop. 

(c) Plucking : By and large this aspect of tea culture does not cause 
any headaches to the .Advisory Officer on the plains, for most estate' man- 
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age to harvest their leal' on a fairly regular round and bring to the factory 
a standard of leaf suitable to the type of tea commonly made. In Dar- 
jeeling, however, this is not the case and time and again it is seen that leaf 
is not harvested when ready, with the result that there is an unnecessary 
rise in the plucking table and the resultant loss in crop. There is no doubt 
that on many estates in Darjeeling a very significant increase in crop could 
be obtained by plucking on a regular seven day round. The Advisory 
Officer in Darjeeling is frequently greeted with the question, “it is 
essential I increase my crop, how should this be done?” The answer, 
on a large number of occasions, is simply, “plucking on a regular round”. 
This very frequently receives the reply, “I can’t, due to insufficient laboui” 
There is no way out of the fact that when an increase in crop is desired then 
the necessary facilities to harvest the leaf must be made before that increase 
can be obtained. 

(d) Shade ; The establishment and maintenance of a permanent 
stand of shade is causing a great deal of concern in most plains estates. Advice 
has been given to stop using the common species Albizzia odoratissima mainly 
due to its extreme susceptibility to all kinds of pests. A fairly new introduc- 
tion, namely. Acacia Unlicularis has grown well in all districts and is at present 
fairly pest and disease free. There is a tendency not to give shade the nece- 
ssary care and attention required during the establishment period and al- 
though establishment is not easy, a little extra care in the early stages would 
lessen the difficulties. 

(e) Vegetative Propagation : Routine advice on nurseries, mul- 
tiplication plots etc. occupied a fair amount of the .\dvisory Officers time. 
Advice on these topics arc generally confined to estates who have recently 
started on V.P. work. Generally, estates that have been doing V.P. work 
for sometime, have mastered the technique in the nursery and advice on 
these estates is confined to the field. There is still a distinct lack of apprecia- 
tion that “Clones are Different’ and a regular question is, “What yield 
can I expect from such and such a clone?” This sort of question cannot 
be answered by the Advisory Officers and it is up to estates t6 plant up their 
own Agricultural Trials with the sole object of finding out which clones 
suit their estates. There is no doubt that young clonal plants arc not as 
hardy as young seedling plants and this is not often appreciated for small 
plants in small pits are often planted which results in a high mortality 
rate. Under these circumstances the clone is often accused of being un- 
suitable. Tocklai clones 19/29/13 and 106/1 are the most widely planted 
clones and appear to do welt under most conditions where soil and drainage 
are satisfactory; 19/29/13 is susceptible to all mites and Hehpeltis damage. 

In Darjeeling there has been an increase in the interest shown in clonal 
work which may be due partly to the setting up of the Clonal Proving Station. 
However, except for a few estates, clonal work in Darjeeling is still very 
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much in its infancy. It is interesting to record that tests done on 19, 29, 13 
growing at mid elevation have shown that it has flavour better than the 
hybrid jat standard and this therefore suggests that this clone could be 
used with advantage in a replanting programme in Darjeeling, 

(f) Extensions, Uprooting and Replanting : Following the occurr- 
ence of widespread unlawful encroachment of land, mainly in the Terai, 
the rate of e.xtending has increased in that area. Dooars estates having 
suitable land for extension, are using this land prifu' to uprooting. In Dar- 
jeeling very little suitable land for extension is available. Most estates 
on the plains arc following some sort of extension, ujn ooting and replanting 
programme. 

Where replanting is being done following uprooting, rareh is an ade- 
quate period of rehabilitation gis en and this is clearly seen in the poor re- 
sults obtained in many of the recently replanted areas. These areas 
are a continual 'oiircc of worry to Advisory Olhcei.s. and there is little 
that can be done once the area has been rejrlanted. The only sure 
way of ensuring the success of a replanted area is to deep plough and sub 
soil to the deepest possible depth the equipment will allow immediately 
after uprooting. Drains must be dug at thi< time and then a two \cars rc-st 
under a hea\'>' cover crop should be given. 

Under this heading it must be mentioned that in spite of continued 
advice on the un'iiiiabiliiy of light leaf jiit for planting in the Dooars and 
I’crai, estates still insivt on U'ing them, and it is aic.»s replanted with tliese 
jat that cause the most concern. 

Replanting in Darjeeling is mainly confined to those estates that are 
in a good financial position and have junved clonal material available, 
rherc is no known suitable seed stock fiecK available for Darjeeling at 
present but encouraging results have been had from a new biclonal cross 
developed by Tocklai. Plots of this cross ha\e been established on a Dar- 
jeeling estate and to date the progeny have given excellent flavour and 
are more vigorous than the common hsbrid tea. 


(g) Pests & Diseases ; Member estates in the Dooars and Terai 
received regul.ar advice on Pests and Diseases control throughout the year 
by the circulation of the monthly “Pests & Diseases Pullelin". This provide 
a most popular document aiid definitely helped estates to take adequate 
steps in advance. In Daijeeling the Advisory C)llicer spends a great deal 
of his time advising on the <a)ntrol of pests and diseases. He reports that 
the incitlence of mites w.ts less in 1967 dtie to more timely application of 
3 
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pesticides and this indicates that his advice has been followed and has paid. 
In Darjeeling pests e.tting the roots i.c. Geramhycid liorersand Cockchafer 
grubs 'are cans ng concert, and this problem has been referred (o 
the Kritomological Department. 

|,h' Galdvation 8c Weed Control : Much more interest has been 
shown in the possibility of using chemicals for weed control and it is hoped 
that this intero'^t will not wane due to the dilTiculties being experienced 
over obtaining some of the imported chemicals, particularly Gramo.xone. 
Instates which have laid out trials using chemicals are more often than not 
convinced that chemical weed control is here to slay if onlv the supply of 
chemicals could be guaranteed. 

YIELD SURVEY 

As mentioned at the beginning of this report, Dr. N. H. Chanda has 
been collecting yield and held management data from Member estates. 
He has completed the survey for 34 estates. Brief details arc that yield 
figures for the 15 years ending 19G6 for each srrtion are being tabulated 
along with management practices and rainfall data, liie object of the 
survey is to find out the factors that lead to an increase or decrease in yield 
and the magnitude of the increase or decrease. J Ite mass of data will have 
to be analysed before any conriusions e.tii he ic.k bed and it is hopeil th.it 
these conclusions will form a veiy useful gniiie lor .uKi'Ois leeonimend.itions 
and planning of future exiKrimenls. 

While firm conclusions will have to wait until an analysis is complete, 
it is interesting to record some observations already made. 

(al Yield Increase 8c N. fertilizers : The average increase in 
ov'crall yield of the gardens surveyed is only 290 kg, ha during the 15 year 
period. The lowest increase was 60 kg ;lia anfl the higlicst 610 kg ha. This 
is in spite of an increase during the periods in the use of inorganic nitrogen 
from nil on some estates to between 90 to 112 kg N,ha. 

(b) Replanted Tea : By and large the vield of i cpiantcd aieas is 
disappointing and is only a little above the yield prim to replanting. 

(o’! Jats : Only a few estates are using clones and most of the repl.inting 
has been done with light leafed jats. 

(d) Rehabilitation: .N'early all replanting was done within 8-1(1 
months of uprooting and on some estates, rejtlanting was done 3 4 months 
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after uprooting. Only a few estates had rcliabiiitation periods longer than 
one year and not one estate of tho.se .so far surveyed, used, a subsoiler be- 
tween uprooting and replanting. 

(ej Records : By and large the records kept by the estates were satis- 
factory e.xcept for details of cultivation and vacancy counts. 

MEETINGS 

The Chiel advisory Ofheer, West Bengal paid three visits to Tocklai 
and the other .\d visors Ofliccis and Dr. Chanda two \ isits each. 

The following annual general meetings were attended 

lerai Branch of Indian lea .Association l.>\ Chief. \d\ isorc Officer. West- 

Bengal. 

Dooars Bianih ol Indian lea .Association b\ Chief .Advisors Officer. 

and .Ad\isci\ Officer. D(K»ais. 

Darjeeling Btaiuh of Indian l ea .X'.MKiation b\ ( .'hief .Ad\ isors Officer 

and .Advivorv Officer. Darjeeling. 

'lea .Association of India. North Bengal Biainh b\ .\d\i'or> Officer, 

Dooais & .\dviM)i\ Oflicer. Darjceing & lerai. 

'Iheic are tlnec .Aie.i Scientiltc (. oininiiiees in West Bengal, one in 
each District. '1 he .\dsi'or\ Oflicci. Daijccling is .Sectetarx' for the Dar- 
jeeling ad Tei.ii Ca)innuitees and the .AcKisnix Olhcer, Dc>oars is Sccrciarv 
for the Dooais Ciominiitce I he C hief \d\isoix Officer, West Bengal 
is an c.\-oflicio member of all these ((immittec'. 

Dining the year there were a total of 1 1 meetings: the Dooars committee 
met 3 times and the other two 4 tinu-s ea< li \Miene\er po.ssiblc meetings 
were held to coincide witli v isits to Benya! ol olhee. s born l oeklai. I heie 
was always a free exchange of ideas and ail meetings have proved cxiieinclv 
helpful and have impiovcd the liaison between the planter and the scientific 
staff. 


E.XFERi.MEMS 

Experiments & other work at Nagrakata Head 

Two blocks of an agricultural u lal on clones were planted. 15 Toklai 
jclones. 2 new clones from Mai and .i siand.ird arc being tested in this 
(trial. 

: A trial on cleft grafting wa.s earned out in the Jiti seed bari. The main 

object was to sec if cleft grafiiug using the same methods as practiced in 
Malawi would be successliil in the Dooars. Briefly the results have shown 
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that cleft grafting is successful and there Is seasonal variation in success. 
The cold weather months October to February appear to be the best months 
for grafting with another peak success in June and July. 'I'hc trial is bein'; 
continued to see if the same trend will be experienced in 1960. 

A small trial on the effect on soil pH following application of Sulphate 
of ammonia was laid out at Nagrakata. 

Observation and multiplication plots of clones selected for lurther tiial 
from Mai were established and to date three appear to hive promise. 

Nearly 46,000 cuttings of I'ocklai release clones were issued to Member 
estates in West Bengal. This shows an increase in the demand over last 
year, but this is mainly due to the inclusion of two new clones. It is felt 
that many more estates could make use of the clonal material available 
at Nagrakata, for instance of the 178 .Members in West Bengal only 49 
indented for cuttings of the new icIea'C', T\’ 1 1 and ’IV 15. 

Clonal Proving Station : Darjeeling 

The first trial at tlie Cllonal Proving .Station was planted. I'hc tiial 
consists of 14 clotics from estates, 3 fioin .Mai. 2 Incklai release clones and 
one biclonal seed. 

Field Experiments on Gardens 

50 short and long term expeiiments were in progress on .Member estates 
on cubivat ion. shade, manuring, pruning, plucking, rehabilitation of soil, 
irrigation, clonal seed, lerlamation of subaeid soils and pests and diseases 
eontrol. \ complete list of .\dvisoiy Department Experiments appears 
in .Appendix and a li't of experiments being contiucted in co-operation 
with Ollier brani hes is given in .\ppcndix B I hc Chief .\dvisory Office 
West Beng.il paid 116 visits to tijcse expetiments. 

.MISCELL.ANFOUS 

Soil Testing : .\ total of 3224 soil samples were analysed during the year 
and of these 518 were for experiments. 

Visitors ; A large number of visitors visited the Headquarters during 
the year and we were particularly pleased to welcome. Dr. R. T, Ellis, 
Director, 1 ca Research Foundation Central Africa and Dr. L. H. Fernando 
.\ssistant Director, T.R.I., Ceylon. They were both shown estates in the 
Dollars and Darjeeling during their brief visits. 
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Building and Land : A bungalow for the Advisoiy Oflicer, Dooars 
was completed and three staff quarters at Xagrakata were built. Approx- 
imately 20 acres of land which was acquired from Bhogotpore T.E. was 
fenced and part of this land was prepared for planting. 

Meteorological Stations : Two fully equipped Meteorological Stations 
arc maintained in West Bengal; one at N'agiakata H. Q. and the 
other at Nagri Faim T. E. in Darjeeling. Regular readings were 
kept throughout the year. 



SUMMARY OF RESULTS 


ADVISORY Di-PARTMRXr TIELD EXPERIMENTS 

Brief summaries, as at the tir>t of April 1968, of some of the experiments 
conducted by the Department on Member estates are given below ; 


Irrigation 


North Bank, Assam 

In two experiments {Expts. No. .\N 55 and AN 61) irrigation failed to 
give higher total crop than no irrigation but it tended to increase the early 
season crop. An attempt was made to find out the economics of irrigation, 
taking the cost of irrigation at Rs.35,- per 25 mm equivalent of rain per 
hectare, and the arbitrary profit return at Re 1 -, Rs.2, • and Rs,3 - per kg. 
of made tea. None of the treatments, which ranged from a total of 75 mm 
to 426 mm equivalent of rain applied over a period of 3 to 5 monilis during 
the dry weather were found to be economic on these calculation^. 

Dooars, West Bengal 

In one experiment ^Expt. No. D. 31. light skilled mature tea irsponded 
very well to irrigation as can be seen in Table 1 
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Nitrogenous Fertilisers 

1) High frequency application of sulphate of ammonia ; Several 
experiments were in progress to study and compare the elfects of single 
and high frequency applications of different levels of nitrogen (S) on the 
yield of tea. The levels of nitrogen varied from 100 kg to 250 kg/ha, applied 
in a single dose or in 4 to 8 equal monthly dcjses. Results of some experi- 
ments are described below. 


South Bank, Assam 

In three experiments i Lxpts. No. .AS 62, .AS 64 and AS 71 i levels higher 
than 100 kg and 1 12 kg rtitrogen per hectare did not bring about any signifi- 
cant improsement in yield whether these quantities were applied in one 
dose or 4 to 8 doses. 4’he tea was medium skiffed in F.xpt. N'os. AS 64 
and -AS 71 and pruned in Expt. .No. .AS 62. 

In another experiment (F.xpt. No. .AS .'»()), where the nitrogen rates 
were applied in single doses, 157 kg nitiogen per hectare was significantly 
better than 112 kg N lia and 247 kg N ha, 1 in' tea was pruned in tlie 
1966-67 cold weather. .\s regards the high lieqnen<\' applications. 112 
kg N ha applied in 4 equal monthly doses g.tse significantK higher yield, 
and was more economical than the same amount of nitrogen apj)lied in 
one dose. 

The most economical treatment in this exi)eiiment (K\])t. No. .\S 56) 
was 157 kg .\ ha applied in one dose. This was tiue whetlier the profit 
return was Re 1/-, Rs. 2 - oi Rs. 3/- per kg of made t''a liable 2j. 
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North Bank, Assam 

In Experiment Xo. AX 59, the results were the same as Experiment 
Nos. AS 62, AS 64 and AS 71. The tea was deep skifTed. 

Cachar, Assam 

In one experiment (Expt. No. G 29), where the tea was unpruned, the 
results were the same as the North B.tnk experiment. 

2) Placement of fertilisers : 

Darjeeling, West Bengal 

In one experiment '.^Expt. Xo. Dj. 29 . phu emctu of fertiliser in a trench 
5 cm wltle and 2. .5 cm deep and then covered with soil, made no dill'erence 
to yield when compared with the tradiiional method of applying; fertiliser 
on the surface soil as half bangles. 

N. P. K. Manuring 

South Bank, Assam 

In one experiment Expt. Xo. .XS -IT which was started in 1965 in a 
section of ID years old leplanted tea, a high level of phosphate and potash 
each at 22t kg ha in conjuitction with 112 kg .X ha ga\e higher \ield 
than 1 12 kg X ha in 19i')5 and 196<j. In 1967, phos|)hate and potash appli- 
cations were discontinued but even then, the \ield was higiier titan 112 kg 
.X;ha indicating thereby that the residual elTecis of P and K were bignifi- 
cantly beneficial, (table 3,. 


Table .7 Yuli "f inn/b- tea in ha 


Treatments 

X'ear j 

X-IXO.-K,!) 1 

1 

1965 

! 

1 966 

1967 

1 

1 Total 

] 


112 9 1) 

1652 

I 1297 

1513 

: 4 162 

1 

In 196,5 

and 1966 

112-22f-22f 

1 «i i» 

i 1571 

1 786 

.5167 


In 1%7 112 n i» i 

L.S.D. P .D5 75 i 12() ’ 1,51) — 

P 01 I l'-2 172 ' 2i»5 

G.V." , '■ '■ ^1 

Economics of manining on the i)asis ,>1 tlnee yeat.s' data only, show 
the N.P.K. treatment to be economical pio\iding the profit return was 
Rs. 2/- or more per kg of made tea, a; can be seen in table 1. 
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Liming 

South Bank, Assam 

In one experiment iExpt. Xo. AS 78), liming at one tonne and two 
tonnes per liectarc in eonj unction witli lUO kg nitrogen per hectare made 
no difTerence to the yield wlicn compared with 100 kg X ha alone. 

Pruning 

Dooars, West Bengal 

In 19G7, Experiment Xo. 1).2 had been in progrcs.s tor thiiteen \cars. 
I'he results confirmed that biennial priming cycles gave more \ield than 
annual pruning cycles. Whilst most of the increase in yield were obtained 
in the skilTed years, some increases were obtained in the pruned years aNo, 
especially in case of the pritnc.deep skilT cycle. Mean yields in the skilled 
years once again confirmed that the lighter the skill", the more ihe yield. 

.Vmong the three biennial cycles tiled, the least lluclnation in yield 
between pt tinned and skilled years took place in the prune deep skill cycle. 

.\s regards seasonal crop distiibution, skilling whether lighi. medium 
or deep, not only gave more early season crop which was cxpecteil hut 
also more main and backend crop than annual pruning. I'he dillei entiab, 
however, narrowed clown considerably as the season progresseti. 

Cachar, Assam 

In one experiment Expt. X'o. C. 21 . Ii\c yeais' da'a I'lti.bix ■ 
indicated that Dece mber was the mo^t suitable month for light skilling in 
a prune light skiff liiennial cycle. 

Six years’ results of a pruning cycle experiment : Expt. .No. (f 21 showed 
that pruning on 2 or 3 year old wood i e. when tea was primed following 
one or two skiffed yeais. did not lesidt in .i loss of crop when compaietl 
with pruning on 1 year old wood i e. aimual piimingi. .Ml types of skill' 
i. c. light, medium and deep g.ive higher yield than prune. 



AGRICULTURE DEPARTMENT 


Introduction 

1 lie miti.'i finphdsi-) ol the \car’s work lay in exfjloring the possibilities of 
ol)tainiiig big gains in crop ^ield and on certain other liindamental agro- 
nomic pioblems. 1 he routine array ol long and short term field experi- 
ments weie tallied on. Due to lack ol land at boibhetta some desirable 
and important expciirncnts could not be laid out and the prospects for 
the futuie do not scern totj bright in this respect. 

During the \ear the range of subjects under study and e.xperimentation 
incltidetl rehabilitation of land, grasses and legumes, clonal work, planting 
and spacing, shade, shade and mantiiing, \. P. K. mantning, nitrogenous 
ami non-nitiogenous fertilizers, pruning, plucking and irrigation. Assis 
tame, as requiied. was gi\cn to the .\dvisory Department Experiments. 

RESEARCiU AND EXPERIMENT 

Rehabilitation of Land 

One eNiKiimciu at Boibhetta B 11 3 and tun large scale e.xpcriment.s 
at Hunwal I'ta INtatc wcie started in l%b to study the effects on rehabi- 
litation of uprooted tea snils 1 a using dilfeicnt species of grasses and green 
manure crops 1 he limil lesults will not be asailable for a few years more 
because some tieaiments include longci i ehabilitation periods than arc 
at picscnt in \oguc. 

.\n expciimcni B b.3 staitctl in P.'bi, showed definitely increased 
subseipieni ciop \ields Ia keeping uprooted tea soil under natural fallow 
for iwo years before leiilauting, e\cn without deep ploughing, green crop- 
ping Ol .ipplying Ol ganic mamiic. when compaied with tallow for only 
one year under the same condition', (iieeii cropping further impioved 
yields. The experiment also showed that oilcake suppl , ing IfX) kg N ha 
we.s as elfective in increasing lea yield' .ts green tropping for one year. 

.\t Boilihctta the following grasses aie growing well in museum plots 
and 'howing jnomi'C Irom the .\gronomi'‘s view point, for rehabilitation 
luirjinscs; drysopotioii dnumhens ^Pangola grass . Digilaria 

,iianlha Ciab grass . Idagiodi^ <ur,ula Weeping love grassi, Eragrosiis 
triihnbfs, Panicum w<i\iniiim (lUine.t grass , Pciiiiisetum puipuitum iNepicr 
gra.ssi, (iiant H\b>id .\npiti. Inpyiuum laxum t^Guatemala grass). 

Some promising species weie released to llie industry during the year. 
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Shallow rooted grasses, when grown for rehabilitation, are usually 
covere.l by broadlcavcd wecils in the early stages of establishment but 
the weeds can be controlled by the application of 2,1-1) at 2..') kg ha. 

Clonal Work 

In 1967, two new clones I'V’ 14 and I’V 13 were released and cuttings 
were supplied to the industry. 

A trial was laid out to study the possibility of raising cuttings speedll> 
under transparent poluhelene tents. The temperature and light within 
the tents were controlled by shaeling with coir mat netting on l.'i mctie 
high frames and ke[)t moist with water spiinkleis. 1 he overhead malting 
was of one cm mesh. Sprinklers wcie fitted over the mats at four metres 
apart and were connected diiecily to an oveihcad water tank. Ihcy 
were turned on for one minute every si.v hours. 

Cuttings weie planted in the third week of October with either c)nc' oi 
two cuttings in each tube 20 cm long and 17 cm lay Hat . The tubes 
were aranged in stri[)s each containing 10 tubes by 30 tubes, PoKtbelene 
sheets of 1.8 metre w idth and 230 gauge were stretched over a half moon 
shaped frames constructed with ctiived bamboo laths. The polythclene 
sheet was tucked into the ground on all four ^ides, m> thtit the tent was sealed 
to the outside aimo'phere. 

lit the control trcatmel)t^ a poKthilenc dieet was laid .it the top of the 
bamboo liamc but the titles weie kept open 'o that ilic ont'ide atmosphere 
could ciit'ulaie. 

Results showed that the cuttings kept iiiidci the sealed lent for 12 week' 
made faster grow th than in the coniml tK .iimrnls. On average the tented 
cuttings reached a height of 23 ein with a neatly lOt) per cent survival ami 
thev weie ready for tiatisplantaiion after six inontli.s. lo keep down the 
weed grow th in the tubes under the tents, .Siinazine at the rate of one kg li.i 
was applied as prc-cmergcnt. 

Blackening of the stems of cuttings before rooting, at times is a problem 
of vegetative propagation. Observations indicated that the blackening 
often takes place on the side of the cutting stem opposite the petiole ami 
that sometimes it starts at the ptointed end of the stem. 

A trial was laid out in beds under bamlxx) lath frames to verify these 
observations and also to lind out if soaking of the enitings in water before 
planting or drenching the beds after planting may cause blackening. The 
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bottom cuts of the cuttings were made in three ways: at the same angle 
with the leaf petiole, at the opjxjsite angle to the petiole and at right angles 
to the stem. Antiliioiic, Streptomscin at 10 1. U. ml, was applied to one 
treatment. Observations taken after eight weeks showed that only 2.6 per 
cent of the cuttings developed blackening which started from the pointed 
end and that the antiltiotic was of no help. 1 he most interesting l esult was 
that blackening developed mostly (16%, on the southern side of the stem, 
and was the least (1.6'’„, on the northern side; no matter how the cuts 
on the stem-ends were oriented. 

Planting and Sparing 

The results of the cxiicriment B 101 using fise sparings. two Jo/s of 
tea and three lesels of nitrogen were published iu 1966. During 1%7. 
the plots under wider spacing 120 cm I2l)(m weie still lagginsr behind 
as compared to c loser spacings. 1 he dilleient levels of nitrogen 90. 133, 
180 kg ha,i and tlicir interplay with spacings were not significant. 

In one experiment ;I5 8 1 two clones, ’.On ! and K' 29 13. were planted 
in Of toltei 1966 with four sjiafings U'ing pl.tut ]'>o])ulaiion densities ranging 
from 9,260 to 37 , 0 (i(i jier hectaie with three h \el' ol iiiiiogen Ion. piiO and 
300 kg .\, ha . 1 he arr.i was mulched with thate'h and jungle anti midch- 

ing had benclicitd elfects tin contiolling wccd'. c<'nser\iiig nioi'iure and 
reducing deaths. 

In another expeiiineni 11 0 2 Klmiii.tn /.d >.f tc.i w.i' planted at six 
sp.acings with popnl.uions \.u\ing liom <>." 0(1 t.i li'.'on p, r hcetare. The 
18,300 plots were planted at 120 cm •, ‘‘o cm wiili two plants in a Itolo 
donbletou'. When tvso pl.uits weie ))ut together siiiualK no inlilling had 
to be done duiing the lust two years because .u least on.e of the twti plants 
survived. 'I'lie first fi ame-formative piune was gi\en to these jilants b\- 
treating them as though thev weie a suigU- pl.mt and so far these plants 
have produced better fiames than single plants. 1 he douhletons have 
now come to a siage when thev are going to fuse into one another. 

I his will be an eecsni'mieal ]iroposition wheio enough clonal mateiial for 
ptojiagation is available, because raising two euiiings in one sleeve involves 
onh slight extra cost which will make esi iblohmcnt ci| clonal tea e.'.siej 
.ind eronomieal. 

Shade and Manuring 

Two experimetits l.\ I and li l.\,2 on 'li.ide iiee specie's ate inerclv 
sereening expei iinents. Olisrrv.uions taken so f.ir indie.tte lii.tt the follow- 
ng species, besides .t/hi;;ii 7 nitniii/is'im'K .1. Uhhek and .! .ue gcood 
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growers at Borbhetta and producing moderate shade: Albizzin julibrisin, 
A. gambleii, A. nmo, A. zygia. Acacia lenliciilaris. Dalbergia sericea and Pipta- 
denia falata 

Manuring 

In one experiment (B 20. H different combinations of P and K mixtures 
.0, 45, 90, 180 kg/ha nutrient) with a standard dressing of 90 kg .\ ha were 
tried on tea which was medium pruned in Deccmbci- 1906 and manured 
in April 1967. I he results are given in table 1. 


Tabu 1. yield of made tea in kg per hectare in ]%7 adjusted by coiaiianre on 
e siding number of btnha. 


P,0i\ 

1 

^»o 

1 

^1S» 

1 

Mean 

P 18.5 

■ 

672 

1 

! 1 

' 194 

■177 

532 

I’u .529 

■It))! 1 

' 1 

529 

3”) 

1 

1 51)! 

j 

, -1"^ 1 

f>7t» 

1 5()3 

472 

1 

526 

I’u. ' -tHl ' 

- 555 ’ 

i 

■177 

52 1 

'ir't 

.\Ie.ui 1 -197 

ot’!! 

1 51 ; 

' 5u7 



I, S 1). iU 1’ itO') for PjO- (S: K.O inleraclion 112 

‘ C \ I'l.O 


The results showed significant dilTcrenees between combinations nt 
P and K levels Pn K,s produced signilicantly higher \iclds than all other 
combinations except P,j and P,, K*,, 

The previous result- of c.xperimcnt B 7 and B 9.2 together w'lth the re- 
sults of this experiment show that the N. P. K. mixtures with .and 
P and K less than 189 each arc equally bcnelicial as .\,o P,„o K,,^ It 
is therefore ro:icluded th.it P,o K«o can rcpl.are without detriment, 

the N,o f’lso K,,„mi\t,ire previously recommended for medium pruned te.i. 

An experiment B H C I ■ on placement of phosphatic fertilizer was 
started in 1966 on unshaded Betjan jal of tea planted in 19.59. .Single 
superphosphate was trier! Ixith as broadcast and in placement. .Since 
1963 no P and K has been applied to the tea, I he treatments and the 
results are given in l ablc 2. 
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Tablt 2. Yield of made lea in kgjha according to phosphate rates and method 
of application. 


Treatments 

Yield 

No superphosphate 

1578 

1 

Superphosphate ^20 kg ha Broadcast 

1700 

.Superphosphate (0.20 kg I’^O,, ,ha Placed 10 cm deep 

1546 

Superphosphate (u20 kg PjO- ,ha- Placed 20 cm deep 

1602 

Superphosphate (a 20 kg P^O^ ha- Placed 30 cm deep 

1584 

L. S. D. 

\. S. 

V/. ^ , 0 

7.5 


Ihc ics\ilis show that iincicr the condition ol thi^ experiment there is 
no advanlaj^c fiom tidiig single superphosphate on the yield of tea. whether 
ijioadrist or placed at diflercnt depths in the soil. 

A roinpari on of the clhciency of rockphosphate with superphosphate 
<iM the growth of gieen ('ro[j, ('.intalann anasijroides. B 43 D, 2., confirmed 
tint siipcrphosph.ite at the rate of 1 kg per 2.') ninning metres was signi- 
ficantly more cllicient tli.in rockphosphate applied even at the highest 
rate of 3 kg p<‘r 23 ninning metics wlien drilled in with the green crop. 

\Mien application of 23 gm of superphosphate was compared with 
23 gm, 50 gm and 73 gm of roekpliospltate in the planting mixture for 
tea there was no significant difference in the growth of the plants during 
tile first six months. 

Two experiments on divided doses of sulphate of ammonia are in pro- 
gress, 13oth of the experiments have shown that there was no benefit in 
ciop \ ielil wlien nitrogen was applied betwceit 90 kg and 133 kg per hec- 
t.iie in two oi more divided doses in comparison with single wlude ajijMi- 
I .ilions. 


It was interesting to note that when mean yield responses for 1%(< and 
1967 for 112. 137. 202 and 247 kg nitrogen were plotted on graphs, cal- 
rul.iicd fi oni regre. i.'n erpiatioiis foi' the whole season. 2nd li'.i'li, ni.tin 

3 
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and back end crop, the optimum level of nitrogen for the whole season 
ciop was 149 kg \,'ha (Fig.l). It can also Ite said that levels of nitrogen 
higher than 157 kg N/ha tend to depress yield mainly in the rains. In 
other words it appears that the critical limit of nitrogen is associated with 
the rains crop. 

FIG. 1 SEASONAL DISTRIBUTION OF CROP ; 

YIELD OF MADE TEA IN KC/HA CavERACE OF 1966 A 1967) 



Hj joa a4> “? '4S 202 24? 


s.TfiOCCM UyCwS «C;h 4 F.i7ftoCCN lIvIlS 'U 
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An iiiuiuc rednction of soil acidily by condnucd applications of sul- 
phate of ammonia could affect yields adversely. .\n experiment 41.2; 
was therefore staited in 1967 to study the effect of lime alone and in combi- 
nation with sulphate of ammonia on the soil acidity and yield of tea on a 
Burma jal of tea planted in 1922. I'lic nine treatment combinations were 
obtained by using three levels of nitrogen as sulphate of ammonia (0,100 
and 200 kg/haj and three levels of lime (0,1.2 tonne haj. The results 
for the first year are given in Table 3. 


Table 3. Yield of made lea in /.g ha duiinq 1967 


Slaked lime 

I 

! 

Lo 1 

Im ■ 

!-• 

! 

i 

1 

Mean 

increase 

No 

827 i 

912 

920 

886 

— 

i 

Niou 

i 

1 929 1 

IDIIG 

989 

974 

9,9 

Njoo 

1 — ~r~' 

I 9,57 , 

1 1 

1 1(1)5 

920 

988 ' 

11.5 

Mean 

1 ■ 1 

1 898 

1009 

943 


1 

increase 


12 1 

3.(1 




L. S. 1) at 1* - 

- O.Oj lor iieatmcnt means 

. 81 


L. S. 1). at 1’ = tl.Oj for L • .\ interaction = 141 

C:. V. .. = 8.6 


The results show significant diffei cnees between lioih lime and nitrogen 
levels a.s well as between treatment combinations. It can be seen that 
1 tonne/ha of lime signiiicantlv increased ,b\ 12,4'\, yields over no lime. 
However the higher levels i2 tonne ha' <if lime failed to give any significant 
increase o\'er no lime, ftirther, the o\erall effect of both the nitrogen 
levels at 100 and 200 kg ha produced significant increases over no nitrogen, 
there being no significant dilfeience between the two levels, .\mong 
the combinations, .\,„o L,. L, and N.oo L, gave significant increases 

over the control iN'obo diere being no significant differences between 
these three combinations diemselves. li can be concluded that under 
the conditions of this 43 \cars old section at Borbheita, previously manured 
continually with sulphate of ammonia, responses were obtained from 1 
tonne of lime jaer hectare during the first year lollowing application. Fur- 
ther studies arc in progress. 
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111 experiment (B 15/2) started in 1958, Urea was applied l^ll)adul^l 
and also sprayed on the soil. The results were last repoiicd in 1966. The 
experiment was modified in 1967 with some new treatments inchidini^ 
forking-in of urea. The results show that when urea was forked in, it 
gave no added advantage in terms of yield. I'here was a suggestion that 
forking may have depressed yield and this may be due to the mechanical 
damage to the feeder roots by digging. 

In comparing the effects of sulphate of ammonia and urea as a soiiice 
of nitrogen in 100-20-40 N. P. K. mixtures for tea 108, 1 . Ij it was I'ound 
that the mixtures are equally efficient whether the nitrogen source is wholly 
sulphate of ammonia or half as urea and half as sulphate of ammonia. 
The mixture containing half the nitrogen as urea and the other half of 
nitrogen as sulphate of ammonia is cheaper than the one containing sul- 
phate of ammonia only. Because urea is phssicalK incompatible with 
single su{>erphosphatc, mainly due to absorption of water, the application 
has to be made within 24 hours of mixing. However it may Ire possil)Ic 
to supply the tiitrogen requirements of N. P. K. mixtures with suitable 
proportions of utea and sulphate of ammonia so as to leduce tlie ha/aids 
of storing. It was found (B 19,67) that when 20 per cent N as urea, was 
mixed with superphosphate and immediately stored in sealed alkathene 
lined bags, there was no deterioration in the dryness of the mixtme fot 
four months. If the mixture can be sun dried before storing, tlie propor- 
tion of N as urea can be doubled. 

From the second year's results on calcium ammonium ritiate used as 
a source of nitrogen i B 64,1.1; it can be said lliat cak iinn atnmoiiinm 
nitrate was as efficictit as sulphate of ammonia at latcs supphing 90 kg 
nitrogen (N' per hectaie. Iluvvcvcr thcie arc indications that the pci- 
formance of calcium ammonium nitrate is still belter if it is alternated 
with sulphate of ammonia as a source of nitrogen but the long ici m clfccis 
of using calcium ammonium nitrate arc still to be studied. 

In 1966 an experiment !i4.l;7, was started to study the clfccts oi 
pruning litter and mulch on a Burma ; ji of tea planted in 1920, aiinualK 
pruned about I cm up and tipped at 20 cm. Yields are given in table i. 
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Table 4. Yield of made tea in kgjha during 1 566 <5r 7567 


1 

1 

1966 

1967 



rreatments 

Yield 

1 

Per cent 
decrease 

1 from Tj 

i 

1 

Yield ' 

Per cent 
decrease 
from r, 

1 

Mean 

percentage 

] 

I'j- Prunings not 
removed 

970 

— 

1 

1007 1 

1 

— 

1 100 

) 

I'j- Prunings remo- 
ved 

1 

! 868 

1 

1 

1 

; 10.5 

t 

i 

1 

814 

19.2 

85 

1 3- Prunings re- 
moved but mulch 
added 

1 

1 

1 916 

1 

! 

I 5.6 

, t 

' 1 

i ! 

' 900 j 

10.6 

1 

92 

1 

I..S.D. at P.=-0.0j 

63 

1 90 


i 

L.S.D. at P-- 0.01 

1 

- ^ 

1 128 

1 


( 

Cl \'® 

5 

.3 1 

' 7.7 


1 


In the first \oar. removal of pruning fiom the soil caused a 10.5 per 
cent drop in >ield and in the second >car 19.2 per cent. It will be seen 
that mulch has to some extent counteracted the ill effects of removing 
prunings, but it is impossible to tell from the design of this experiment 
what the beneficial effects of the mulch are due to. 

It was found that muiiate of pota.di can be spraved on plucked tea 
bushes using a hand operated spraser between four per cent and eight 
per cent (\V/\V) concentrations \sithout causing leaf scorch. 

In another expUaatory trial 90:20 40 mixtures of N. P. K. made up 
of urea or sulphate of ammonia, ammoiiiuin phosphate, muiiate of potash 
or sulphate of potash w'cre used in various .'oncentrations four per cent 
to twcntvfour per cent VV W i as foliar sprays on plucked tea. 

The results showed that all combinations of N. P. K. mixture were safe 
up to 10 per cent \V \V using hand operated sprayers and up to 20 per cent 
^V;\V with low \ olume power sprayers, especially with mist spiasers of the 
Micronette type. Potassium sulphate was found to cause more scorch 
than muriate of potash. 
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Pruning and Plucking 

An experiment (B 15/1.1) was modified in 1085 to include live difTeiTut 
pruning cycles but the treatments can not Ire (omparcd tiigethcr until 1071. 
However the three year cycles viz, Prune— Medium skill' -Deep sk'dl' atiH 
Prunc-Dcep skiff — Medium skiff, have so far showed no differences in yield 
between themselves. 

The Tocklai Manual Plucking .\id was tried along with plucking shcaiv 
receivcil from a commercial concern. First results showed that both tin 
aids reduced crop \ield. However, the Tocklai .Manual .\id was inodiiied 
three times during the sea.son and the latest model indicated improved 
performance but was .available from .\ugtist only. I'he eominercial sheaiv 
damaged 39 per cent coarse leaf as against nine per cent by the latest I'ock- 
lai Plucking .\id. .\s regards damage to tender shoots both machines 

pciformcd ecpially ^9.5 per cent and 10.5 per cent lr\ the I'ocklai Pluckine 
.\id and the shears respectively' . 

Tlte possibilities of chemical defoliants were considered under circums- 
tances when defoliation of bushes iit the cokl weatlier ha.s to be resorted 
to as a deterrent against red spider ir.festation. .Mihough defoliation is 
no longer a Tocklai recommendation, 'ome estates insist ihe> have to do 
it for pest control. Gramoxonc and .\retit were tried as chemical defoliants 
and l)oth reduced crop. It was found that both the chemicals can defoliate 
upto 80 per cent of the le.ues .ind at the same lime they controlled the 
growth of mosses and licit' is. .\retil was fnind to cause less die back 
up to 50 per cent than gramoxone. l)cf>liaiion \theiher b\ hand or In 
chemicals quickened bud bieak. 

In tliC 1988 .\niiual Report .i review of all the exiietiments on herbicide' 
conducted was given. Duiing the sear the following g.ive |)iomisini; 
results. 

Linuron ..\falon'- as a pre-emergent weedii iile it saiisfaytoi ih ( on- 
trolled broadleaved weirds .ind, with less clfeit, some grasses like Paspnlur 
ennju-^atum, Irnperata rylmdricn andtp/teutf sedge sjjccics. It was used in young 
tea areas without harm to tea. .'\ first dose of 2 to 4 kg ha followed by .a 
second dose of 2 kg ha after three months gave a gCKxl control. 

Diaron ^Karmex'i- userl as post emergent at 2 to 3 kg/ha controlled 
most of the broadleaved weeds and some gra.ss species. 

Amitrol iVVeedazol, Bladox ‘O’) - used as a post emergent at 2 to 1 
kg ha controlled mostly Ijroad leaved weeds. 
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Prefix- used as post emergent was eflcctive in controlling broadleaved 
weeds w-hen applied at 3 to 4 kg/ha. Spray drift on tea caused some scorching 
of leaves. 

NaTA- used in seed nursery as well as on young tea at 2 to 4 kg/ha 
as pre-emergent was very effective against fairly deep rooted grasses. Higher 
levels than 2 kg caused slightly deleterious effects on tea. 

Tenoran and Cotoran* ar<^ chemical hcrbi< ides acting through roots. 
Both were applied as post-emei gents in yuiiig t- a aie.is and both were 
effective agahist broadleased weeds and grasses without causing any dele- 
terious elfec ts on the tea when applied at the rate of 3 to f kg .'ha followed 
b)' a second dos<,- df 2 kg ha after al)out two month'. 


BoRuiiEiTA F(ei.i) E.xperimcnt.vl Est.ste Report 

Labour - I he ;i\'eragi‘ dail\ attend. nice of l.ibour during the year 
;omi)arcd with tli.u of last 'i\ ye.tis was a' follows - 


Rtiil 

137. IS 

1902 

2''>) 29 

l‘i(,3 


l-'i.t 

229, on 

I'll, ') 

2‘)(t.22 

19()i. . . 

2)7.,')7 

l<)i,7 

2 'll fib 


lower atteiulanrc line tii a strike! 

Crop— Hie tot.d \leld of green h .it iKiimg the year compared with 

hat ol last six se.us was .js lollows ; - 


^’ear 

Yield 

19f,l 

1.31,792 kg 

ini',2 

1.21.789 kg 

i'lti.l 

1 .2 ?. }8,> kg 

1 9(3 } 

1,26,671 kg 

1 ')().') 

1 . 12. 1 3 1 kg 

19f,(, 

1.11.7,19 kg 

1967 

1.29.1'' 3 kg 
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Of the 1967 crop, 1,10,761 kg of green leaf was sold to the Jorehaut 
Tea Co., Ltd. and the remainder was used for experimental manufacture. 
General plucking was stopped on 30.1 1.67. 

Vegetative Propagation — During the year a total of 1,07,003 pre- 
Ireatcd/fresh cuttings and 2015 clonal plants were supplied to T. R. A. 
Member gardens in Assam. 55,845 cuttings were issued by the West 
Bengal .Advisory Department and 600 cuttings by the Cachar .Advisory 
Department. 

Fifty six rooted cuttings of three different shade tree species were distri- 
buted to some T, R. A. Member gardens during the year. 

Land — Borbheita Field Experimental Estate has been used for alwut 
50 years for all kinds of experiments on fertilizers, application of lime and 
sulphur in heavy doses;, different methods and intensities of soil cultivation, 
shade and no shade etc. and as a result many areas at Borbheita have 
become unreliable for future expierimentation. There is no new land 
left at ffirbhetta; and theicfore obtaining an area of virgin land to conduct 
new field exjieriments has become an urgent necessity. 



SOIL CHEMISTRY DEPARTMENT 


Soil Survey 

The object of the soil survey, method of soil sampling and of chemical 
and physical analyses are described in Tocklai Occasional Scientific Paper 
Number 1, which dealt with Jorhat area soils and was published in Januaiy, 
1968. During the year the Dooais and Terai district soils were analysed 
and these results will be published in I'ocklai Occasional Scientific Paper 
Number 2 which is now in the press. Important conclusions drawn from 
the results of the soil survey of the Dooars and Terai district soils arc : 

^i) Texturally, Eastern Dooars soils are silty clay loams, whereas 
Western Dooars and 1 crai soils arc coarse sandy loams. 

(iij In spite of these differences, deterioration of soil structure conti- 
nues up to 20 years and probably more, but the soil aggregate 
status thereafter under old tea. tends to improve. In general, 
eflects of these deterioration and regeneration processes are maxi- 
mum in the case of aggregates at and over 1 mm in size. 

^iii; Progressive increases arc well marked in soil acidity and lime 
requirement values with the age of cropping. In accordance 
with theoretical expectations, the rate of increase has been found 
to be maximum dining the initial ten >ear period of cropping. 
In agreement with the change in soil acidity, base saturation 
status also progressively decreases with the age of cropping. Esti- 
mates of the readily available basic nutrients such as calcium, magne- 
sium and potassium, indicate that leaching loss of all these nutri- 
ents, especially during the first 20 years of cropping from virgin 
Jungle, has caused the decrease in base saturation. 

(iv) The presence of free calcium and magnesium salts in the Dooars 
and Terai soils is marked. Loss of calcium and magnesium due 
to leaching over a 40 years cropping period has been found to be 
large. C’-ontrary to the loss of calcium, which is confined only 
to the readily available portion, magnesium loss is largely accounted 
for by the decrease of the nnn-readily available reseive mineral 
portion of the soils. 

(v) An appreciable and progressive decrease has been noted in nitro- 
gen and organic matter contents of soils with the age ol cropping: 
the rate of decrease being maximum during the early years from 
virgin jungle. 


6 
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(vi) Total and available phosphate contents also decrease with increas- 
ing age of cropping, the maximum rate being during the fust 
20 years or so from virgin jungle. 

Thus, it appears that appreciable deterioration in organic matter, 
nutrients and soil structure takes place approximately during the first 20 
year period of cropping. During this period, soil acidity and lime require- 
ment increase. These trends of depletion in soil fertility status are in close 
agreement with the declining yield trend observed at Borbhetta after 20 to 
25 years from planting irrespective of dilferent manurial treatments (nitro- 
gen alone at different levels and dilferent 1*. K.. mixtures; or various 
management practices i^sce Senior .Vgricnlturist's paper ‘'.\gionomic jjro- 
gress and problems of the te.r industry”, presenicd at the I wentythird 
Tocklai Conference in November, 1907;. 

A comparison between Jorh.rt district soils and the Dooars-Terai soils, 
reveals some intereuing points ; 

(i, The Doo.rrs .rnd Terai soils, in their upper lasers (O-GO cm), have 
higher Icve!-, of organic carbon ami nitrogen contents compared 
to soils of the Jorhat district. Comparative data arc given in 
I'abic 1 


Table I ■ 

.Vttro’en anj ori;iinu larbon cunlents of Dwan and T trai, and Jorhat toih 

I Per c'-nt org.inlc carbon content ; IVr cent lot.al niiroiri n content 
I (on dry weight basis) ("a dry ucight b.ais) 


Depth 
f>f jamp- 

Do larj & 

Terai 

1 Jorhat 1 

Dooars & 

Trrai 1 

j jorhat 

bng, 

cm 

I Virgin ! 

Old 

j Virgin i 

! <3id i 

Virgin j 

Old 1 

Virgin 

■Old 

0-30 

I 2.32 ' 

1 39 

0.05 

: O.ot5 ; 

0 19 1 j 

n.u3 

0.0*39 

0,07: 

3ft— 60 

1 1.29 

0.70 

! 0.65 

0, 59 

0 117 1 

0.0(12 ' 

0,073 

lO.Olio 

00—90 

0.71 

0 ib 

1 0-3^ 1 

1 0. 51 

0.06.5 1 

O.Otl 

0,062 

10.032 


From the table it is seen that the loss of organic carbon content over 
the 40 year cropping period is far more in the Dooars and Terai than in 
the Jorhat district. Ihe loss in the 0-00 cm layer is roughly six times 
more. In spite of this heavy total h)ss, old tea soils of the Dooars and Tcr.ii 
up to 60 cm d'-pth 2 ft.; have levels of organic cat bon whith ate eithci 
higher or equal to the Jorhat tIiNtrict virgin s<)ils 

The loss of nitrogen over the 40 year cropping period is also more in 
the Dooars and Terai than in the Jorhat district. As pointed out in the 
case of organic carbon, in spite of the higlicr amount of depiction of soil 
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nitrogen at Dooars and Terai, old tea soils up to 60 cm depth (2 ft.) have 
evels of total nitrogen which are cither higher or equal to the Jorhai district 
virgin soils. 

(ii) rhe Dooars and 'I'erai soils have higher levels of the basic mineral 
reserves calcium, magnesium and potassium, compared with the Jorhat 
soils. This characteristic together with low silica scsquio.xidc ratio of the 
Dooars and Terai soils, indicates that the soik are foimed from diflerent 
rocks compared to the Jorhat soils. Comparative data are given in Table 2. 

Tablt 1 : 

Ibitil calniim (t.'u), magnesium (Mg), pulasli (A-.O) .nnlents and silka-sesqutoxide ratios oj 
Dooars, Inai and Jorhat soils. 


Dooars and Torai Jorhat 


Depth 1 

of sanip- 
Jing, . 

1 cm 1 

■ i 

1 Silica- 
^ sesquioxide 

1 Total 1 'I'otal- 
cal- magne- 

j cium j siuni 

Total 

potas- 

sium 

.Silica- 1 Total 
scsqiiioxidc! cal- i 

j cium 1 

Total- 1 
magne- 1 
sium 

Total 
potas- 
! sium 

Molar j 
ratio 1 

1 kg/ha i kg ha 

1 ! 

kg/ha 

1 Molar 
ratio 

, kg, ha 

kg ha 

1 

kg, ha 

0—30 

10. 

9.000 1 .i.'.OOO 

10-».(/l0 

38 80 

6,800 

2. 300 

27.100 

30—00 

13.73 1 

‘I.KXl ! ,)1.0(KJ 

90,500 

10 35 

j 7,5o<.i , 

3.000' 

27.700 

00—90 

10. (.1 

1 

93. 0(^ 

37 3«) 

1 7,20(/ j 

3.10oi 

32,800 


From tabic 2 it can be seen that the silica-sesquioxide ratio of the top 
30 cm soils of the Dooars and 'I'erai is approximately one-third of the Jorhat 
soils ratio. Also, the first 30 cm M ft. soils of the Dooars and I'erai have 
roughly one and a half times mote calcium content, fourteen times mote 
magnesium and four times mr.rc potash than the Jorhat soiK. .\pprcciablc 
differences in the basic nutrient status and silica-sesquio.xide ratio arc also 
clearly seen in the subsoil layers, though in degiec these are somewhat 
less compared to top 30 cm ( 1 It.) soils. Besides the probable difference 
in parent materials from which the soils aic foimed, high amount of rainfall 
in the Dooai's and Terai may also contribute towards the lower silica-ses- 
quioxide ratios, 

(iii) In comparison with the Jorhat virgin soils, the Dc'oais and Terai 
soils have roughly the same amount of total phosphate but fifteen 
times as much aiailabU phosphate Comparative data aic given 
in I'ablc 3. 
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Table 3 : 


Changes of total ami available phosphate (.PaOj) contents of a SO cm soil piofilc 
with varying periods of cropping in the Dooars, Terai and Jorhat districts 


I. 



1 Dooars 

1 and Terai j 

} 1 

Jorhat 

1 

Age 

! Total PoOj 
j (kg/ha) 

Available PgOj 
(kg/ha) 1 

Total PjOj 
(kg/ha'i 

: .Available P^Oj 

1 (kg/ha) 

Virgin 

1 6,700 

230 1 

5,000 

i 20 

Young 

4,500 

270 

4,000 

40 

Medium 

4,000 

120 

4,500 

10 

Old 

3,800 

110 

5,000 

15 


From the table it is seen that the available phosphate contents of the 
cropped soils in the Dooars and Terai are roughly seven to ten limes higher 
than the Jorhat soils. Moreover, with progressive cropping, phosphaie is 
released from the non-available reserve sources (total; to the available pool 
in the Dooars and I'erai, whereas at Jorhat the non-available slock of phos- 
phate practically remains unchanged over the 40 year cropping period. 
Manuring according to oar old recommendations has.not stopped the 
depletion of available phosphate during the first 20 year cropping 
period regardless of area. 

The effects of varying periods of cropping on the te.xtnral and strucliiial 
characteristics of tea soils have been e.xamined in thiiteen tea districts 
which sampled the entire tea growing areas of North East India foi the 
1967/68 soil survey. It appears that these tea .soils vsilh the c.xception of 
Jorhat district, can be broadly classified under two main textural types, 
namely coarse sandy loams and silty clay loams. Jorhat district soils 
tcxturally vary between fine sandy loams and loams. 

Soils of Darjeeling, Terai and Western Dooars; Mangaldoi and Bish- 
nauth districts in the North Bank of Assam; Doom Dooma district in the 
South Bank of Assam and teela soils of Cachar arc coarse sandy loams. 

Soils of the Eastern and Central Dooars; Red Bank soils of Borsola and 
Bishnauth districts in the North Bank of Assam; Margherita, Dibrugarh, 
Nazira, Golaghat and Nowgong districts in the South Bank of Assam; flats 
and plateau soils of Cachar arc silly clay loams. 

The above regional classification on the basis of soil texture may ulti- 
mately be important for soil water management. 
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Silty clay loams have not shown appreciable changes in any of their 
mechanical fractions, coarse sand, fine sand, silt and clay with the varying 
age of cropping up to 40 years or more. Coarse sandy loams, however, 
indicate changes immediately after clear-felling the jungle and exposing 
the land under young tea. The coarse sand fraction decreases and the 
silt fraction increases and these changes are likely to be the effects of erosion. 
It is known that in the process of splash erosion, sand particles are more 
readily moved in splash than arc finer soil particles. Further, when water 
moves, the finer particles tend to fill in the spaces around the remaining 
larger ones to form a relatively nonpervious layer. However, from young 
to old tea, over a period of 30 years or more, no more changes are observed 
in respect of the coarse sand and silt fractions. 

In general, deterioration of the soil aggregates during the early years 
has been observed in the case of both textural soil types which increases 
to a maximum during the first 20 years of cropping. However, the loss of 
aggregates is later arrested and frequently an improvement can be noted 
under 40 year old tea, although no sample has vet been found which has 
shown recovery equal to virgin jungle. 

It is also of interest to note that the loss of soil aggregates during the 
the first 10 to 20 years cropping period is practically the same for both 
the coarse sandy loams and silty clay loams. Fherefore it can be concluded 
that the changes in the state of soil aggregation are caused by factors other 
than textural properties per se. 

Soil Rehabilitation 

riie improvement of the soil aggregate status b> using suitable rehabi- 
litation crops during replanting of tea appears to be very important, .^t 
Borbhetta Field Experimental Station, the Senior .Agriculturist has laid 
out 50 museum plots with dificrent species of grasses, leguminous cover 
crops and some of the common weeds, to screen them as rehabilitation 
crops from his agronomic vicwpiini. Use of these plots has been made for 
studying the changes in physical and chemical properties of soils. 

From the first batch of chemical and aggregate analyses carried out 
on top 15 cm (6 in. ) soils, after one and a half years rehabilitation, 12 diffe- 
rent species have been found to be promising Irom the Soil Chemist's view- 
point. These species have improved the soil aggregate status vividly 
(varying from a 35 to 58 per cent increase), and in order of soil aggregate 
improvement they are : 
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Borreria hispida, Digitana decumbens, Tripsacum laxum, 

Paspalum dilatatum, Digilaria eriantha, Tephroiia Candida, 

Pusa-gianl Hybrid napier, Pennisetum purpureum, 

Chrysapogon gryllus, Eleusine hispida, Cenckrus ciliaris, 

Tephrosia vogellie. 

Top soil samples from the 15 cm (6 in.) layers were also collected in 
September 1967, from the Senior Agriculturist’s Soil Rehabilitation Experi- 
ment laid out at Borbhetta. One and a half year’s fallowing, irrespectiv e 
of the nature of the cover crops used, has increased the total soil aggregate 
percentages in comparison with those plots which were not uprooted and 
still carry the original tea. The maximum increase in total soil aggregates 
was caused by Tripsacum laxum (Guatemala grass), whereas the effects of 
Mimosa invisa, Imperata cylindrica (thatch), and mixture of Tripsacum laxum 
and Mimosa invisa were found to be lesser but equal to each other. .\lso 
the effect of rehabilitation on the formation of coarse soil crumbs (over 
2 mm in size) is prominent. 

Complete soil exposure for six months without rehabilitation has consi- 
derably deteriorated the level of total soil aggregates. Removal of the 
ground cover provided by a mature stand of tea followed thereafter by 
cultivation and exposure for a period of six months, reduced the total soil 
aggregates from 55.91 per cent to 37.73 per cent. 


Plots rehabilitated with different cover crops for one year were thereafter 
exposed for a period of six months. The exposure was caused by the re- 
moval of the cover crops and subsequent replanting of new tea. Com- 
pared to the aggregate status of soils under a mature stand of tea (55.91 
per cent/, the rehabilitated and subsequently exposed soils, had appic- 
ciably lower levels of total soil aggregates with the exception of the plots 
rehabilitated under Guatemala grass which maintained the same level 
of soil aggregates (54.77 per cent) as that of soils under a mature stand of tea. 

It appears that considerable decrease in the soil aggregate status takes 
place due to complete exposure for as short a period as six months and this 
deterioration is not compensated by one year prior rehabilitation with 
any other crop than Guatemala grass. 

Liming and Old tea soils 


In a 40 year old tea section at Borbhetta (B/41.2), the Senior Agricul- 
turist obtained good responses in yield from lime applications at the rate 
of one tonne per hectare in combination with nitrogen at the rates of 100 
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and 200 kg per ha during 1967. Two tonnes of lime was excessive. Es- 
tate experiments using similar treatments, conducted by the Chief Advisory 
Officer, however, did not show any responses to lime. 

Soil samples from the Borbhetta experiment were analysed for aggregates, 
acidity, readily available calcium and available phosphate, since these are the 
soil factors likely to be affected by liming. I'he effect of lime at the rate 
of one and two tonnes per hectare has been found to be well marked only 
in respect of available phosphate and the availaljle phosphate of both top 
(0 — 15 cm) and sub (15-30 cm) soils has increased as a result of liming. 
Soils from the estate experiments are still to be analysed. 

Nevertheless the results from the Borltheita trial point to the potential 
dangers of laying out new experiments at Borbhetta where soil treatments 
have been varied frequently in the past and thus the soils may now no 
longer be representative of estate soils. 

Soil Witter 

The research programme in relation to soil water has fallen behind 
schedule due to delays in receiving a pressure membrance and pressure 
plate apparatus. 

The cause of the unexpected behaviour of gypsum blocks (see Annual 
Report, 1966, pp. 19-23) could not be studied because of other engage- 
ments demanding immediate attention. However, as done during the 
last year, soil moisture was estimated gravimetiically from January, 1967 
to April, 1966 in two of the Senior Agriculturist’s Irrigation experiments 
at Borbhetta. The trends of soil water use with pruned and unpruned tea, 
with and without irrigation, have been found to be practically the same 
as those reported last year. 

Agrlcaltvral Meteorology 

A comparative study was carried out with two ordinary type 13 cm 
(5 inch) raingauges, one mounted on a cement concrete base at ground 
level (standard) and the other simply mounted on grass. The tops of 
both raingauges was maintained at 30 cm (1 ft.' above ground level. 
Rainfall ha« been measured by these methods at Tocklai, Silcoorie. Nagra- 
kata and .Nagri Farm. The raingauges mot nted on grass recorded higher 
total yearly rainfall both at Nagrakata and Nagri Faim. compared lo the 
standard ones. During the monsoon mrnths (from June to October), 
the raingauges mounted on grass recorded higher r.iinfall than the standard 
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ones at all the four meteorological sites. During July, when monsoon 
showers reached peaks then the gauges mounted on grass recorded 64.0 mm 
(2.5 in.) more at Nagrakata, 25.8 mm (1 in.) more at Nagri Farm, 12.6 mm 
in.) more at Silcoorie and only 2.2 mm (0.1 in.) more at Tocklai com- 
pared to the standard ones, the matter needs further investigation 

A crude comparative assessment of evaporation has been made at 
Tocklai under different environmental conditions, namely in the open, 
under a bamboo screen and under a shade tree {Albizzia cfiinensis) using 
Piche Evaporimeters. Measurements were made during the dry period 
of 1966/67, i.e., December to April. The evaporation under a bamboo 
screen was found to be least throughout the dry period and less by 0.4 inches 
for five months compared to the Piche in the open, but this is not substan- 
tial. 

Simultaneous measurements of dew at Tocklai for seven years com- 
paring a simple Diivdevani gauge and a sophisticated Hillner type dew 
tialance have shown that cruder gauge estimates are sufiiciently accurate 
for aggricultural purposes. Therefore, an attempt was made to find out 
the differences in dew deposits from long-term gauge data recorded at 
Tocklai, Silcoorie, Nagrakata and Nagri Farm from October to Fel^ruary. 
For all the five months the estimates of dew are higher at Tocklai and Sil- 
coorie than at .Nagrakata and .Nagri Farm. Total dew deposits in five 
months have been found to be 23.4 mm (0.9 in.) and 29.9 mm 1 1 in. "I at 
Tocklai and Silcoorie respectively as against 10.6 mm (0.4 in.) and 3.3 
mm fO.l in.) at Nagiakata and Nagri Farm respectively. Maximum dew 
deposition takes place from November to January, when the rainfall is at 
its lowest at all the meteorological sites. 

Penmen analysis of meteorolc^cal data has continued. Calculations 
have been issued ^ls a meteorological bulletin, where meteorological condi- 
tions for ten day units have been given for as many years as meteorological 
measurements are available for all the meteorological sites. 

Observations continued throughout the year comparing readings of a 
sunshine recorder and an anemometer installed at a height of 6.5 m (21 ft. 
6 in.) above ground level against standard installation with the sunshine 
recorder at 1.2 m (4 ft.) and the anemometer at 3 m (10 ft.) above ground 
level. The sunshine hours recorded at both heights show good agreement. 
The anemometer at 6.5 m height measured consistently higher wind runs 
than the standard 3 m height. 

A summary of meteorological observations during 1967 for all the four 
sites b given in Appendix D. 



Advisory 


Setting up of tlie chemical laboratory on a semi-automatic basis for 
routine soil testing has been completed. As a direct effect of this improve- 
ment, it was possible to analyse double the number of routine soil samples 
from tea estates than in tlie previous year. ,More detailed soil analyses 
were undertaken for special reasons on many occasions. 



BOTANY DEPARTMENT 


RESEARCH & EXPERIMENT 

Plant Improvement 

The decision to release the first biclonal seed stock produced at Tocklai 
was taken during the year. The occasion calls for a brief review of the 
history of plant improvement in the tea industry of North East India and 
the programme of tea breeding undertaken by this Station. 

The credit for introducing the Assam ja/r of tea to the tea industry goes 
to a few amateur plant breeders who came to Assam as Managers of lea 
estates. These amateur breeders selected seedlings of the indigenous plants 
mainly on leaf characters, and established seed baris with the selected 
seedlings. Further selection among the progenies of these seed baris led 
to the isolation of the modern /\ssam jats well-known for their superior 
liquoring characters under the Orthodox system of manufacture, that 
being the only system practised in the past. But tlie breeders with their 
mass selection technique failed to raise hardy jats having cup-quality 
equal to that of the good .Assam jats. Hardy jats arc required for the 
drought-prone areas of the Dooars, Tcrai and Cachar where the delicate 
A.ssam jats do not flourish. An entirely different kind of China tea is re- 
quired for Darjeeling. 

After reviewing the situation as it existed at the time, the 1934 Commi- 
ssion of Enquiry headed by Sir Frank L. Engledow. F. R. S., suggested a tea 
breeding programme at Tocklai to standardise the planting material and 
to improve the standard of North East Indian tea by producing superior 
clones and jots. 

To achieve these objects two separate lines have been followed at 
Tocklai : 

(1) Breeding of improved seed varieties 

(2j Selection of superior bushes from among the existing tea popu- 
lations and their vegetative multiplication as clones. 

The work on plant improvement, started in 1939, was interrupted by 
the War and could only be taken up again in an organised way from 1916. 

(1) Breeding of improved seed varieties 

The production of improved seed varieties in a cross-breeding, peren- 
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nial crop like tea is a very long-term project, particularly when one gene- 
ration takes 6 to 7 years from seed to seed. 1 wo methods were initially 
followed for the breeding of improved seed varieties : 

(a) Establishmeiit of polyclonal baris, where more than two 
selected clones arc inter-planted in a lattice design. The seeds 
resulting from open, random pollination are tested for germina- 
tion and the plants for growth, yield and cup characters. 

Four polyclonal seed baris were originally planted in isolation, each 
with 9 clones, but one bari was destroyed during the War. Of the remain- 
ing three, one produced a dark-leaf jat which makes tea of as good quality 
as the good light-leaf Assam jat<. This polyclonal stock was retained as 
a source of seed for the droughty areas of the Dooars, Terai and Cachar 
The jat is known as Tocklai Stock 203 (produced under the schemt Gauri- 
shankar). Eight commercial estates have planted from 1 to 8 hectare 
each of this polyclonal seed bari since 1954 with 7 clones, (two being sub- 
sequently discarded from the original nine) and a total of approx. 30 ha 
of seed bari of this stock arc now in bearing. The seeds produced by these 
baris have been fully utilised for replanting and extension, mostly in N. E. 
India and a small proportion in South Indian estates. 

The other two polyclonal baris did not show promise and were des- 
troyed. 

In 1966/67 another polyclonal seed bari was established with 8 selected 
clones. 


(b) Production of biclonal seed 

This method consists in crossing two selected bushes by hand 
transfer of pollen and trying out the resulting progeny for growth 
yield and cup-characters. If the progeny is found satisfactory', 
the two parent bushes are then multiplied vegetatively and plan- 
ted in isolation as a small, biclonal seed bari for the production 
of seed by open, random pollination under natural conditions. 

Out of nearly 400 crosses made by hand pollination, six were selected 
before 1962 for planting micro seed baris. Six more crosses have been 
selected subsequently. Seeds from the six baris established before 1962 
are now undergoing trials at Borbhetta and in a number of commercial 
estates in N. E. India. On the results of these trials, the first of these biclo- 
nal stocks (No. 378) has been selected during the year for release to the 
Industry. 
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Stock 378 — Produced under the breeding scheme “Nanda Devi’’. 

This is a chincry stock wliich produces a tea having the 
same flavour as the high-grown Darjeeling teas, but the 
flavour of this stock is more pronounced. This stock 
will be suitable for growing in Darjeeling, particularly 
at elavations where flavoury teas are made. The stock 
has bigger leaves and thicker shoots than the traditional 
high-grown Darjeeling bushes and its yield potential is 
also higher. 

Arrangements have been made to produce seed of this stock both at 
Tocklai and Nagrakata in quantity sufficient for the Darjeeling growers. 
The newly planted or grafted baris are expected to come into production 
from 1971. 

A decision regarding the release of the remaining five biclonal stocks 
under trial will be possible in the course of the next two or three years. 

(2) Selection of vegetative clones 

The selection of outstanding bushes from the existing tea populations 
and their multiplication as clones is a relatively simpler matter than breed- 
ing of seed varieties. Progress made in the selection and release of clones 
by Tocklai has been reported from time to time. More clones are being 
selected for release to the Industry, besides the 15 already released till 1967. 

At present, selection has mainly been confined to the piogenies of the 
biclonal crosses, and special attention has been paid to the isolation of 
bushes having very high pMDtential for yield and a level of quality at the 
least equal to that of the best commercial ^’a/r. 

More than 50 promising clones are undergoing trials at Tocklai and 
more clones were selected during the year foi trials. The clonal proving 
station in Darjeeling has commenced testing clones suitable for the Dar- 
jeeling area and a few China clones showing promise were selected at Tock- 
lai during the year for trial in the Darjeeling proving station. 

Breeding behavionr and cytology 

The primary duty of the Plant Breeder since his appointment early 
in the year was to scrutinise the p<ist records of tea breeding at Tocklai 
with a view to deriving, if possible, principles of inheritance in lea and 
formulate new lines of investigation for genetic improvement of the 
tea plant. His scrutiny so far has suggested that the relationship between 
parents and progeny in yield and cup characters, reported in the Ann. 



( 53 ) 


Rep. for 1965 page 36, needs re-examination on a wider scale and accord- 
ingly a new set of manufactures has been planned for the 1968 season to 
verify the parent-progeny relation in quality. 

Some experimental pollinations were carried out to provide information 
on the breeding behaviour of tea and to establish a few pure lines. In the 
meanwhile the method for the examination of tea chromosomes was stand- 
ardised and cytological examination was carried out on a number of clones 
differing widely in leaf characters, growth, yield and quality. 

A normal functional cell of a tea plant contains two sets of 15 chromo- 
somes each. In rare cases there can be three or more sets of chromosomes, 
a condition known as polyploidy. Increasing the sets of chromosomes by 
treatment of the cells with certain chemicals has become an important 
tool of the Plant Breeder for improving crop plants. These methods have 
also been tried on tea, but so far without much success. 

It has, however, been possible to demonstrate the e.xisience of natural 
triploids (45 chromosomes) and tetraploids i)60 chromosomes) among the 
clones existing at Tocklai. 

Treatment of tea seeds with mutagenic rays through the courtesy of 
Indian .Xgricultural Research Institute, New Delhi, and the .\tomic Energy 
Establishment at ITombay has also been tried, but ilie treated seeds in 
every case have failed to germinate, in spite of all care. The reason for 
this failure is being investigated. 

Clonal criteria 

Lack of objective criteria for recognising and differentiating clones 
and jats and for assessing their liquor characters has been a great handicap 
in the programme for plant improvement. Realising the necessity of such 
criteria, various indices were devised in the past to differentiate jats and 
clones and also to correlate liquor characters with morphological and 
anatomical features. Unfortunately non.c of these indices has proved to 
be of much value as they arc cither highly subjective or involve very large 
experimental errors. 

Nevertheless and in spite of these past difficuliics, a Plant Breeder must 
have at least a few key characters to differentiate progenies and clones 
and also to obtain some indication of their growth and liquor characters 
at an early stage of growth. 

In a fresh attempt to provide the Breeder witli a few diagnostic charac- 
ters for clonal differentiation, a large number of moriihological. anatomical 
and physiological characters of a number of clones, known for their growth 



{ 54 ) 


and liquor characters, arc biing measured quantitatively. On completion 
of the projected measurements, the data will be analysed in a computer 
in the hope that some characters important for the purpose of differentia- 
tion and correlation with growth and liquoring properties will be isolated. 

In its search for objective criteria, the Department actively cooperated 
in the execution of the project C 5 of the Biochemistry department, which 
was an attempt at correlating tasters evaluation of liquor characters with 
biochemical attributes. It is not certain at this stage of analysis of the data 
whether this experiment will provide any readily estimable objective cri- 
teria to the Plant Breeder. 

Another experiment was designed and carried out partly for the same 
purpose. In this, the different components of plucked shoots, buds, first 
leaves, second leaves, stems etc. from a seed-grown section of tea, were 
separated and manufactured individually on four occasions between early 
June and early October. The contribution of each component towards 
the total weight of the pluckings was also determined. The teas were tasted 
independently by the Manufacturing Adviser & Tea Taster and a Calcutta 
taster against controls made from whole shoots. A summary of the results 
is given in Table 1. 


Table 1. Valuations according to the components of shoots^ex- 
pressed as averages of Tocklai and Calcutta tasters 


Shoot com- 
ponent 

Valuation 

Paise/kg 

Per cent dry 
wt. of the 
shoot com- 
ponents 

Per cent contri 
bution of the 
components 
to total value 

Bud 

1138 

11.47 

18.08 

1st leaf 


20.4b 

23.75 

2nd leaf 

594 

28.92 

21.86 

3rd leaf 

558 

9.76 

7.83 

Stem 

724 

15.82 

17.41 

Banjhi shoots 

624 

13.57 

11.07 

Whole shoots 

782 



... 

(Control) 





Kno^viilg the valuations of the individual components and their pro- 
portions by weight, it is possible to calculate the theoretical value appli- 
cable to the whole shoot and this equals Rs. 7.41 per kg. The controls 
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manufactured from whole shoots (and not component parts separately) 
gave an average valuation of Rs. 7.82 per kg, and this bears a close similar- 
ity to the theoretical figure of Rs. 7.41. Agreement between the theoretical 
and actual valuations of the control whole leal samples was even better 
when tasting reports received after publication of the data in Table 1 were 
taken into the calculation of the average values. 

An interesting hypothesis that follows is that the taster unconsciously 
feels from the taste the proportions of each of the shoot components in the 
cup and mentally sums up the taste arising from the difierent components 
in evaluating a sample of tea manufactured from whole shoots. The 
limited number of experiments, therefore, give strong indication that tas- 
ters evaluations are indeed additive. For confirmation, a longer scries of 
experiments arc planned for 1968, using leaf from a clonal field. 

These tasting results viewed in the context of another experiment re- 
ported in the Ann. Rep. for 1957, pages G9-75, seem to suggest that one of 
the reasons for the fall in quality of (he rains teas is a decrease in the pro- 
portions of the finer fractions and a corresponding increase in the coarser 
fractions of the plucked shoots. 

Plant Physiology 

The main item of interest during the year was the determination of 
photosynthetic rates at different temperatures using an Infra-Red Gas 
Analyser and controlled environment cabinets. This series of experiments, 
carried out at Cambridge University, led to an explanation of the benefits 
to be derived from using suitable shade trees on the type of tea normally 
grown in North East India and the lack of response to shade in most other 
tea growing countries. It appears that the major function of an overhead 
canopy is to reduce leaf temperatures during periods of high insolation 
but this reduction of temperature is invariably accompanied by a reduction 
of light intensity. The critical leaf temperature is approximately 35'C 
and above this temperature the rate of net photosj-nthesis decreases rapidly 
until at 40-42‘^C there is no net photosynthesis and the leaf is 
living by using up reserves manufactured during more favourable condi- 
tions. The cooling effects of winds may not oe as marked in N. E. India 
as in some other countries where tea is grown and for which reliable meteoro- 
logical data are available. For horizontal leaf type bushes the only pracW- 
cal method of keeping leaves below is by shading, but shading in such 

a way that light does not become a limiting factor. The overhead canopy 
should in N. E. Indian plains, therefore, be thin enough to allow at least 
50 per cent of full noon radiation to reach the tea bushes underneath 
as reported in the past (Ann. Rep, for 1957, page 43). 
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The corollary of the laboratory studies is that where net photosynthesis 
is not limited by high leaf temperatures, a condition when air temperatures 
of 30'C and above are not combined with long periods of bright sunshine 
and still air, unshaded tea should produce higher yields than shaded tea, 
but that when high radiation and high temperatures combine, shade will 
be beneficial. From the law of limiting factors it should follow that if 
there is insufficient light for optimum production, an increase of nutrients 
will have no effect, and if high leaf temperature is the limiting factor, 
nutrients will again have no effect. 


A large field trial on a local estate has provided some support to 
these conclusions by producing higher yields in unshaded plots in 1966, 
when periods of bright sunshine and high temperature were lower than in 
1967, when the shaded plots gave the highest yields. Shade must, 
therefore, be regarded as an insurance policy against adverse climatic 
conditions and the premium will consist of the amount of crop lost by 
shading in those years when it is not required. 

The work on leaf pose and light penetration, which has been reported 
previously (.-\nn. Rep. 1966, pages 40-13), complements the leaf temperature 
and shade work in providing a general theory relating morphological fea- 
tures of the bush (leaf pose), physiological responses (respiration and photo- 
synthesis; and environmental factors (sunshine, air temperature, and wind 
run) with yield response to various management practices. 


Field experiments testing the main features of the theory have demons- 
trated that erect leafed types of tea respond better to higher rates of manu- 
ring and irrigation than horizontal types and that their yield is reduced 
under light artificial shade, whereas horizontal types increase yield under 
light shade. 


In one small plot a yield of 5600 kg/ha was obtained by application of 
very high doses of nutrients combined with intensive irrigation on an erect 
leafed clone, while the same treatment almost killed a horizontal leafed 
clone which was planted in alternate rows with the erect type. 


While a lot of detailed work remains to be done on the aerial parts of 
the tea bush, it is suspected that major advances in productivity await a 
fuller knowledge of the uptake mechanisms, both of water and nutrients, 
bv the root system, which in turn re.^uires a detailed knowledge of soil 
s.ructure, aeration and nutrient levels of all major types of lea soils. 
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The reasons for this suspicion were further strengtliened by a simple 
experiment reported last year which clearly demonstrated the harmful 
elfccts of a continuously high water table on root and top growth of young 
tea plants (Ann. Rep. for 1966, p. 38). When the experiment was repeated 
this year under conditions of a fluctuating water table, i. c. high one week 
and low the following, no improvement in growth could be observed; both 
root and shoot growth were restricted to the same extent as in the previous 
experiment with a continuously high water table. 

Much agronomic and soils work is, therefore, required, particularly 
on the root environment of the tea bushes before the fundamental know- 
ledge of the aerial environment acquired in recent years could be fully 
utilised for increasing productivity. Laboratory studies linking root environ- 
ment and photosynthetic rates are planned for 1968. 

Spacing of plants : Clones differ in their growth characteristics; some 
have spreading and others an uitright habit of growth. Growth and spread 
are also affected by soil fertility, nutrient and water supply, drainage, 
incidence of diseases and pests etc. Hence it is not possilde to determine 
the optimum space requirement of different clones under diverse field 
conditions by carrying out a 'pacing tiial in one area. 

An alternative but simple appro.tch to the spacing of clones has been 
tried by recording the number and the pattern of distribution of the pluck- 
ing jxtints on the bush surface. The r.utcome of this 'tudy will be known 
only after the observations haw liecn wiitied in the field on bush.es planted 
at different spacings. 


General 

Survey of the growing stocks in N. E. Indian tea estates 

A survey was conducted in 1966 through a questionnaire to obtain in- 
formation on the kinds of plants grown in X. L. India and their longevity 
under diverse conditions of soil and climate. The questionnaire was sent 
to all Member estates of the T. R. .A. in the plains of X. E. India 'cxclud- 
ing Tripura) and 41.3 per cent of the estates replied, representing 12.8 per 
cent of the area of the Member estates and 32.8 per cent of the total area 
ui;der tea belonging both to the Member and Xon-Mcmbcr e'tate'. 

Analysis of the replies showed that the area planted with cloi-.es before 
1960 was negligible. I'he areas planted between l'V)0 ami ir'tfi \\ith 
'^eed and clones are shown in 'Table 2. 

8 
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Table 2. Areas planted by the sampled estates between 1950 and 1965 expressed 

os percentage of the total areas under tea in the sampled estates of 
different districts 


Tea District 

Per cent 

area- 

planted 1 
between ' 
1950 and 
1959 

Per ce 
ed bet 
1965 

nt area plant- 
ween 1960 and 

I 

i 

Total 
percent- 
age of area 
planted 
between 
1950 and 
1965 

1 

1 

Mean 
planting 
rate for 
jthe pe- 
riod 1950 
to 65 (Per 
cent area 

per 

annum) 


I’otal of 1 

With 

With 

Total of 

Total of 



seed and 

seed 

clone 

seed 

1 of seed 



clone 

1 

1 


and 

i and clone 



1 

1 


clone 



(1) 

i 

(5) 

(4) 

(5) 


(7) 

Assam : South 



i 




Bank 

' 14.0 

8.B 

2.9 1 

11.7 

25.7 

1 .60 

Assam ; North 



1 

1 




Bank 

i 15.3 

9.6 

0.7 1 

10.3 

25.7 j 

1.60 

Dooars & Terai 

i 10.1 

9.5 

1.3 ' 

10.8 

20.9 

1.30 

Cachar 

j 13.4 

i 9.4 

0.1 ; 

9.5 

i 

22.9 

1.43 

Mean of all dist- 



1 

1 


1 

j 

ricts 

13.0 

9.2 

2.0 

11.2 

24.2 

1.51 

i 

Mean planting 





i 

i 

1 

rate (Per cent 





i 


area per annum) 

1.30 

1.53 

0.33 

1.87 

1.51 



The tabic, which includes Ixilh new extensions and replanted areas, 
is self explanatory. It is of interest to note that the average planting rate 
for the 1950-59 period was 1.30 per cent per annum which rose to 1.87 
per cent per annum during the 1960-65 period. Of this 1.87 per cent, 
cbnes accountel for only 0.33 per cent per annum or roughly one-fifth 
of the total newly planted areas, the remaining four-fifths being planletl 
with seeds. 1 he great variation between districts in the rate of utilisation 
of clones can be seen from column (4). 
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If the data is extrapolated to include all Member estates of the T. R. A., 
occupying 76,7 per cent of the total tea areas in the plains of X. E. India, 
then the area planted with clones till the end of 1965 works out at 3477 
hectares which is a meagre 2 per rent of the total Membership area. 

Non-Member estates making use of clonal material are rare and it is 
highly improbable that more than 100 ha have been planted with clones 
by the Non-Member estates comprising the remaining 23.3 per cent of the 
total area under tea in the plains of N. E. India. 

ADVISORY 

Touring ; Dr. D. N. Barua visited three estates in Upper Assam. He 
also visited UPASl Sci. Dept, of South India in February and Kanan 
Devan Hills Produce Co. Ltd. of South India in May. Mr. \\b Hadfield 
visited one estate in Upper Assam and also visited Murmuria Tea Estate 
on a number of occasions in connection with the large scale shade xmanu- 
rial trial. Mr. H. P. Bezbaruah visited one estate in Upper Assam, 
two estates in Darjeeling and three estates in the Dooars. 

Study leave : Mr. Hadfield spent six weeks at Cambridge University 
working on the effects of temperature on respiration and photosynthesis 
of the tea leaf. 

Meetings ! Dr. D. N. Barua attended five meetings of the Scientific 
Sub-Committees during the year. He also attended a meeting of the 
Standing Committee for Agiicultural Rc'carch of the I. C. A. R. in New 
Delhi in August. Mr. \V. Hadfield attended a meeting of the Scientific 
Sub-Committee. Mr. H. P. Bezbaruah attended a Scientific Sub-Committee 
meeting at Darjeeling in June. 



ENTOMOLOGY DEPARTMENT 


Tea Mites 

Studies on tlie susceptibility of ditferent 'I’ocklai released clones ('I V 1- 
TV12) to scarlet mite, Brevipalpus phoenicis Geijskes, were made at llorbhctta 
during March to December by counting the mite populations on 50 ran- 
domly selected leaves drawn each month from each of the twelve clones. 
The results show that clones TV 1 and rV'7 appear to be prone to scarlet 
mite attack, but this is subject to confirmation by further observations. 

Distribution of scarlet mite on skilfed and pruned tea, young (5 years) 
and mature tea (18 years), bushes in well drained and poorly drained areas, 
and also on Assam and China types of tea was investigated. 

Skiffed tea in general had more scarlet mites than pruned tea, but no 
significant difference was found in scarlet mite populations on the young 
and mature tea. Populations of scarlet mite on bushes in well and poorly 
drained aieas did not dilTer significantly, tliough last year, in general, a 
significantly high population of red spider was recorded on bushes in poorK 
drained areas. 

Red spider and scarlet mite also appear to behave differently in theii 
preference for jats of tea in this year’s observations which show that unlike 
red spider which occurs more on China jaU, scarlet mite seems to have no 
such preference. The investigations on scarlet mite will, however, have 
to be continued for confirmation. 

Comparative ecology of the four common mites of tea, viz. red spider, 
Oligonychus enffeae (Nietner), scarlet mite. Brevipalpus phoenicis Geijskes, pur- 
ple mite, Calacarus carinatus (Green) and pink mite, Acaphylla iheae (Watt 
Keifer, is being studied at the Murmuria experiment. In this Botanical 
Department experiment the tea receives different fertilizer treatments, 
half is shaded with Albizzia odoratissima and the remainder unshaded. 

Specieswise weekly records of the mite populations according to field 
treatments are being maintained. The observations were started in 1960 
and will have to be continued for one more year. Although detailed statis- 
tical analysis is awaited, the first two years’ data indicate that irrespective 
of shade treatments, plots manured with NPK had least red spider and 
purple mite, though not significantly so in case of red spider. Purple- 
mite population was almost double in plots treated with 1 12 kg ha of Niiro 
gen (N) alone compared with plots manured with a full NPK mixiutt. 
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Tea Aphid 

Seasonal population studies on the aphid, Toxoptera auranlii Boyer, 
indicated that the population reached its peak during January to March 
when new shoots were growing and then it slowly dropped. During the 
cold months of November and December the population stayed very low, 
increase being first noted again in the middle of January. 

Biological studies of this aphid include a search for its predators and 
parasites which keep the population of the pest under check in the field. 
One larva of a predatory Syrphid fly, Syrphus balleatus De Geer, consumed 
450 aphids during its entire larval period of 10 days and the daily feeding 
capacity of the whole larval population varied between 22 and 45 aphids 
per larva. The larva of an yet unidentified Syrphid fly was a more vora- 
ccous feeder still and consumed 486 aphids in only four days in captivity. 

The predatory beetle, Crjptogonus bimaculala Kapur, consumed 1,896 
aphids during its life time of about five months in the laboratory. The 
larva of this beetle is also an efficient predator; a single larva feeding on 
about 200 aphids in 10 days. 

The larva of a Ncuropterous predator, Micromus timidus Hogen, con- 
sumed 116 aphids during its larval period of seven days in the laboratory. 

.\ trial for the control of .Xphids was carried out in the field with 0.16% 
of Thiodan E. C., 0.04'\, of Rogor 40% E. C., 0.025% of Metasysto.x 
25% E. C. and 0.07^'^ of Chlordanc 70'’o E. C. along with untreated con- 
trol scries. .\11 the insecticides except Chlordanc gave efficient control 
of aphids within 24 hours of application. 

Investigations are in hand to find out the effect of modern insecticides 
on the preservation of natural enemies of aphids. 

Baoch caterpillars of tea 

Caterpillars of the moth, Andraca bipunctaia Wlk., are one of the most 
serious leaf eating pests of tea. .V diurnal variation in their feeding and 
aggregating behaviour has been observed. The caterpillars feed singly 
during the night and aggregate dtiring the day when they are not feeding. 
The starved caterpillars did not aggregate until they had first fed well and 
aggregating tendenev was strtrngcst amongst the late instar caterpillars. 
Ovipositi«)n, h.alching, moulting and emergence of moths occurred only 
after dusk and stopped before 21.00 hrs. (I.S.T), the peaks usually occurred 
between 19.00—20.00 hrs. i,I. S. T.). Oviposition continued for tliree nights 



( 62 ) 


Tea Jassid 

A field experiment which was carried out for the control of Jassitl, 
Empoasca jiavescens Fabr. showed no diflereace ta control between 0.2% 
of Mesurol 50% \V. P., 0.1% of Metasystox 23‘’() E. C., 0.05% of Metacid 
50% E. C., of Follidol- E605, 46.7% E. C. and 0.1% of Morestun 

25% W. P., blit all these treatments were significantly superior to untreated 
control. 


Tea Thrips 

Scritothrips dorsalis Hood which is a common thrip in the plaias, 
causes damage to young shoots and buds of tea by sucking. Nymphs 
cause more damage than the adults. Field observations showed tha< 
thrips were most active in the morning and evening; during the intervening 
period they remained hidden in the folds of leaves and buds. 

Nettle Grub 

•A Pentatomid bug, Cantheconidea furcellata (Wolff), was found in the 
field predating on different species of nettle grults, particularly Parasa pasl- 
oralis Butl. Other species of nettle grubs involved in the predation by 
this bug were Thosea ceriina .\foorc, Tiichocrisia nigrimargo Her. and the 
common jelly grub, CErometlia apicata .\foorc. The first instar nymph of 
the bug did not predate, but the second to fifth instar nymphs were pre- 
daceous. The life cycle of the predating bug was completed in about 
50 days in October to December in captivity. 

Pests of shade trees and green crops 

Slermura 2 inosignata Oliv. is a serious root damaging pest of 
Albizzi'! odoraths’mi in the North Bank. It is also common in the Nowgong 
district. 

Field observations showed that eggs were found during late August 
to February. The grubs were abundant at a depth of 10-25 cm, only 
a few being found at 50 cm. Larvae in various stages of development 
were abundant during January to June but a few grubs could be found 
even after this period owing to overlapping of the oviposition periods. 
Pupation took place in the soil in a pupal chamber made by the 4th instar 
larva with soil and decomposed vegetation at a depth of 10-25 cm and 
within a diameter of 15-20 cm from the root. Adults were most numerous 
during August to October. The life cycle was completed in the laboratory 
in about 1 1 months. 
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Two species of Bostrychids were isolated from the branches of Albizzia 
odoratissima, A. procera, A. lebbek and Denis robusla in the Dooars. Popula- 
tions of various larval instars and adults were found within the branches 
of shade trees Life histoiy studies of the two species have been taken up 
in order to find out their destructive stages and to what extent they could 
depredate the shade trees. Bostrychids have also been recorded for the 
first time from tea seed baris. 

Crotalaria anagyioides HBK, has bcc.i found to be damaged by the 
larvae of a moth, Etiella zinckenella Tr. The larvae bore into the p 'ds and 
destroy them. The incubation, larval and pupal period, of the pcst in the 
laboratory in April were 7, 10 and 12 days respectively. 

Nematology 

A prcliminars survey of the celworm infestations in tea nurseries, mature 
tea sections and green crops was conducted in tiic Dooars, Darjeeling and 
.\s^am. -Apart Irom the well known root knot nematodes, Mitoidozjne 
spji ,dilferent species of endojtarasitic \ PrulyUnchus , and cctoparasitic 
[Riitylenchus, Tjhnchorhjnchus and TyUncliusi nematodes were isolated from 
\oung tea nurseries and green crops. Other ectoparasitic nematodes of 
Paratylenchus spp. were found in tlie soil around the roots of mattire tea 
bushes, above 2i) years old. Although the taxonomic a,scssmcnts of all 
the nematodes h;ive ntjt yet been completed, the foPowing is a list of some 
of the new records fiom Xorth-East India. 

Scutelloncma brachyurum (Steinerj Andra'sy 

Macroposthonia ornala dc Man ( ?) 

PralyUnchus brachyurus (Godfrey) Goodev. 

PratyUnchus sp. novo. ? 

Paratylenchus curvitatus v.d. Linde. 

Aphelenchoides composticolla Franklin. 

Xiphinema insigne Lexts. 

Tylenchus agricola dc Man (.Andrassy) 

Aleloidodera Jloridensis Chitwood, Hannon Ox Fsser. 

Tylenchorhynchus mashoodi ? 

JInplolaimus columbus Slier. 

Aphclenchus agricola dc Man. 

Although all the species might not be of consequence in tea growing, 
Ihe pathogenicity of Pratyhnehus brachyums in tea seedlings has been csta- 
alished. It penetrates dce]> into the roots of seedlings and causes deep red 
lesion marks at the points of infestation. Ihe infestation persists even 
3n two to three year old seedlings. 



( 64 ) 


Sampling for Paralylenchus sp, from around the root zones of mature 
tea (20 years) was done at depths i>f 10 cm, 20 cm, 30 cm, and CO cm, and 
at distances of 20 cm, 40 cm, and 60 cm from llic collar. The vast majority 
of the eel worms found were distributed witiiin a depth of 10 to 20 cm and 
at a range of 20 to 40 cm away from the collar. This indicates that they 
were distributed mostly in areas coloniserl by feeder roots. These eelworms 
stayed around the tips and surfaces of the feeder roots and in the process 
might stop the roots from absorbing water and nutrient from the soil. 

Apart from Paralylenchus^ several other groups of nematodes have been 
isolated from around the roots of mature tea and the distribution of these 
and Paralylenchus at a depth of 20 cm and at distances of 10, 20 and 30 cm 
away from the collar of mature tea is shown below. Counts from adjoin- 
ing grassland and Guatemala grass plots are also given. 


Table 1. Dislribution of some ecloparasitic eelworms 
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60 

Paratylenchids 
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20 

Rotylcnchids 

40 

0 
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GO 

; 80 

1 60 1 

200 
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Tylenchids 

160 

0 


200 
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It is to be noted that Paratylcnchids which arc cctoparasitic eelworms, 
and found in large numbers in the rhizospherc of mature tea, were least 
under Guatemala gras'. However, no generalization should be made 
on this data because intensive investigation on the distribution of eelworms 
in soil under various rehabilitating plants is still under way. 




( 65 ) 


Populations of ectoparasitic nematodes in mature tea areas reached 
their peaks during January and March (1967). Thereafter there was a 
gradual decline in population until June, when the upward trend was 
resumed, but it died down again in July. 

Soil Biology 

Studies were made during June to December on the seasonal distri- 
bution and abundance of the microfauna of the soil collected from areas 
having bushes less than 5 years, between 5-10 years, between 10-15 years 
and above 20 years old. The soil samples were processed in the laboratory 
using a Tullgren funnel. In all cases soil mites and insects were most 
abundant and active during July to October after which their populations 
declined. 
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MYCOLOGY DEPARTMENT 


During the year studies on the chemical control of red rust, black rot, 
branch cankers including Poria and Tunstallia were undertaken. Obser- 
vations were also made on the i-ole of fertilizer applications on the pro- 
gress and development of thorny stem blight {Tunstallia) and black rot 
{Corticium invisum). The relationship between shade and nutrients in 
disease development was also studied in collaboration with the Botany 
Department. Acrobiological studies were made with particular reference 
to black rot and red rust spores. 

Six chemical formulations of fungicides namely Copper Sandoz (Cup- 
rous oxide). Blue Copper Sandoz (Copper oxychloridC, Emulsifiable 
Copper (BPM), Orthodifolatan t^Chevron chemicals' Baser 5191 and 
Euparen iBayer) were screened for the effects upon red rust an'! black rot. 

The experiment on red rust was laid in a ne.arby tea estate in the Jorhat 
circle showing severe red rust incidcttcc and the six fsi mnlations described 
above were tried using a knapsack sprayer, d'wo rounds of sj^raying 
were done with an interval of two weeks between tliem in the month of 
-May. Counts were made on t\.o occasions during mid and late Jitne. 

At both counts, the amount of infection was reduced dgnilicantly by 
Copj'Cr Sandoz, Blue Copper and Orthodifolatan treauru-ni'. Euparen 
showed a significant reduction u tlie second obserwuion but not in the 
first. Though this chemical oficred statistically better jirotection, than 
the control, it docs not appr.u- to be practically useful. (Orthodifolatan 
compared favourably with the standard, normally recommended C^opper 
formulations, in its efficiency in controlling the disease. 

The experiments on black rot were laid in two different cstatc.s, one 
in the Jorhat circle and the other in the Soiiari circle, (.'nrliciiim theac wa.s 
the causal organism in the Jorhat circle and C. invisur' in the Son.u i circle. 
All the six formulations mentioned above were sprayed twice with an in- 
terval of two weeks between them in the Jorhat ciicle. but Eui\ircn was 
omitted from among the chemicals sprayed in the experiment in the Sonari 
circle. A knapsack sprayer was used at both aicas. Ob'crvations were 
made on two occasions during July and August, ihe results were as fol- 
lows. ; 

•Although tea area in Jorhat wa' severely infected at the time of j)re- 
treatment assc sment in the previous year, September 1966, 
the dcvcl'>pmcr!t r)f the di. case was low during the season following 
spraying and llicre ore no definite conclusion can be drawn. 
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One possible reason for the low incidence of the disease in the cuirenl 
year may be the control measures taken by (lie management in the previous 
year, the effects of which persisted. Another jm-sibility is that the climatic 
conditions in this area during the year were not favourable for the growth 
of the fungus. 

Copper Sandoz, Blue Copper and Orthodifolatan significantly reduced 
the rale of infect'on of C. tuviium in <oinpari-on with ilic untreated plots 
in the Sonari circle. 

From the studies made during the year 1965 and 1966 it was clearly 
seen that the control of red rust was better when the chemicals ^mainly the 
copper fungicides, were applied using a power spraying of the Fontan type 
in comparison with the normally used hand operated, pressure retaining 
knapsack sprayers. 

To compare the effects of different sprayers when used for spraying 
against black rot, as opposed to red rust) an experiment was conducted 
in which Copper bandoz was sprayed at the latcs of 2.5 kg/ha and 4.5 kg, ha 
using the Fontan and at 4.5 kg/ha using hand t'perated pressure retaining 
knapsack sprayers Two rounds were applied in May and observations 
were made twice, once each in July and .Xngust. The results indieated 
that the fungicide when applied at 2.5 kg. ha with the Fontan sprayer 
offered equal control of black rot as the 4.5 kg/ha sprayed with a knapsack 
sprayer. 

Branch canker : .\mong thevlow growing wound parasites on tea, 
two are the mo.U common, namely Porta P. hypobrwii ra— P. punctata) in 
the plains and thorny stem blight [Aghhupota aculeata = Tunstallia aculcata) 
in Darjeeling. Fhis disease is comparatively rare on tea growing areas 
on the plains. 

Poria gains entry into the tea bushes mainly through unprotected 
pruning wounds, sun-scorch lesions and broken off branch wounds. It 
spreads downwards until it reaches the collar region and the roots, and 
the bush eventually dies. The normal estate practice is to protect large 
pruning cuts by painting with Indopaste which is a bitumenous paint. 

Aglaospora enters into the bush by two w'ays : (i) by air-borne 

spores deposited on unprotected wounds and (ii) by spores deposited by- 
pruning knife blades which earlier in the process of pruning have cut through 
the fruit bodies (perithecia) of the fungus in the wood tissues of an affected 
bush. 
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During 1966 there was an acute and worrying shortage of Indopaste 
and this experiment was conducted to sleet an alternative. The experi- 
ment was laid out at Tocklai on medium pruned, mature tea bushes. The 
treatments employed were (i) Santar ‘A’- an aresenical compound formu- 
lated by Sandoz, (ii) Esso Tree Grease, (iii) Indopaste and (iv) a ten per- 
cent wt/volume paste of Blue Copper in water. These chemicals were 
applied with a brush in December 1966 immediately after the medium 
pruning. Observation thereafter showed that surface callus formation 
was more pronounced with Indopaste than with Esso Tree Grease. Practi- 
cally no surface callus was noticed on the cut surfaces treated with Santar 
‘A’ and the Blue Copper paste. However, callus had developed in the 
cambial region 1 to 2 mm below the surface treated with Blue Copper 
paste and Santar None of the products tested are considered to offer 
as good a protection as Indopaste. Esso Tree Grease is preferable to the 
remaining treatments. 


Thorny stem blight : Two experiments were laid out in Darjeeling 
in 1962 to study the effects of treating the pruning cut surfaces on the deve- 
lopment and progress of the disease. In the conduct of this experiment 
Copper oxide (Copper Sandoz) and Copper oxychloride (Blitox) were 
sprayed on the medium pruned tea bushes. The cut surfaces were then 
further protected with Indopaste. Ihese were compared with bushes 
that received Indopaste but no Copper fungicides 

Observations have been made over 5 years on the spread of the disease 
and indicate that the application of fungicide prior to Indopasling did not 
in any way give better protection against the disease than Indopasting 
alone. This emphasizes the necessity of protecting the freshly cut surfaces 
with Indopaste or any such suitable compound. 


Potash manuring and black rot incidence 

This experiment was laid out in collaboration with the West Bengal 
Advisory Branch on Baradighi T. E. in the Dooars to ascertain if manuring 
with potash reduces the incidence of black rot. The potash contents of the 
top and the sub soil of the experimental plots were estimated prior to the 
application of the fertilizers and the yield figures for the season were also 
recorded. 

Regression analysis was done to see if there is any relation between 
soil potash, black rot incidence and yield but no significant relationship 
was found during this first year. The ob.ervations will continue. 
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N. P. K. manuring and its effect on Thorny stem blight {Aglaoipora 
Tunstallia) 

Observations are made for the second year in succession in Darjeeling 
to study the effect of NPK manuring on the development of thorny stem 
blight in an experiment conducted by the Darjeeling Advisory Branch 
on Sungma T. E. Phosphate manuring has resulted in a decreasing trend 
in the incidence of the disease, whereas potash manuring so far has caused 
no differences. Neither of the treatments offered statistically significant 
control during the first year after application. Long term effects of the 
inaiiurial trials arc continuing and further observations will be made during 
the next two years. 

Aerobiology 

With a view to organising a forecasting unit for the more efficient and 
effective spraying for the control of diseases, atmospheric spore counts were 
made during the year, d'he spore count^ were recorded continuous!) 
by using modified Derham spoic traps located at Boibhetta and Tocklai. 
Particular attention was paid during this early work to red rust and black 
rot spores. Prom the data so far collected it is clearly indicated that our 
present recommendations for spraying two prophylactic rounds of fungi- 
cides ^^Copper oxide or Cloppcr ox) chloride) during April and May against 
red rust, and black rot are inadequate. Spores of both the diseases arc 
dispersed in the atmosphere for far longer periods than those suggested 
in our recommendations for prophylactic spraying. 

During 1967, it was observed that the maximum number of red rust 
spoi cs were dispersed on a day on which the maximum air lempeiaturc 
was 26.0 "C, relative humidity 75 percent, rainfall 0.8 mm and 10 hours 
of sunshine. On a day when the temperature was 29'C, humidity 90 
per cent, rainfall 92 mm and only 1.5 hours of sunshine, dispersal of black 
rot spores was very high. The work will continue. 



PESTICIDE DEPARTMENT 

RESEARCH AND EXPERIMENTAL 
Screening of Pesiicides 

Acaricides 

The department concentrated its activities on tlie evaluation of new 
acaricides received in 1967 and also those which were tinder test against 
dilFerent mite pests of tea. A total of si.x new acaricides were evaluated 
against the four mite pests; red spider, scarlet, pink and purple mites. 

Red spider 

Prophylactic spraying of persistent acaricides is an effective measure 
of control against the build up of a potential population of red spider anil 
other mites in a tea estate but it is not always a practical proposition to 
spray the whole estate. There are some areas in almost all estates, which 
are particularly prone to red spider or scarlet mite and it is essential that 
such areas are given regular prophylactic spraying. 

In view of the above, the new acaricides Ethlon, Triihion, Morocidc 
air! Morcstan which have already proved excellent as palliative sprax' 
were tried as propliylactics. Tedion wa-> used as a standard for comparisoti. 
The experimental area was located in a section of mature tea and the 
acaricides were applied with a mist blower at the rate of 1.25 1/ha. After 
two months horn application all the chemicals c.xcept Trithion reduced 
red spider population significani'y. It can thus be concluded that persis- 
tence of Ethion and Morocidc is compaiable with that of Tcdic.n and thcre- 
foi'* they can lie used prophvlaclically. It was also observed that Tri- 
th’ou and Morc.stan have low persistence and they cannot be used for pro- 
phylactic measures. 

Scarlet Mite 

In our preliminary trials against .scarlet mite, Morocidc, Ethion, Mores- 
tan and Triihion were found to lx; very promising as prophylactics (.\nniial 
Report 1966) and this year these new acaricides were evaluated for their 
effectivenes-i as palliative sprays Their application was done by mist 
blower with a rotary atomiser (MicroneUC; at the rate ot 1.25 1/ha. .Ml 
the acaricides within a month from first spraying were found to reduce 
the mite population ‘igniticantly over the untreated control plots. Moro- 
cidc, Ethion, Morcstan, Trithion, He.xakcl E. C. and Mc.airol at the doses 
used were highly dfcctive when used as palliative sprays against scarlet 
mite. 

Pink and purple Mite 

Kellhane E. C. and Eedion V-l!5 are known to he elfcclive against 
pink and purple rnites. Ethion 4 E and Morocidc were found to be pro- 
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misiiig and gave good protection as did Kelthane and Tedion (Ann. Rep. 
1965 and 1966). In order to compare the eflicacy of Trithion and Mores- 
tan with that of Kelthane, Ethion and Morocide, a field trial was con- 
ducted hetween the months of February and March against a combined 
infeslatioii of pink and purple mites in a section uhich was evenly and 
moderately infested with both the mites. .Spra\ chemicals were applied 
at the rate of 1.25 1/ha with mist blower with rotar>' atomiser (Micronetteb 

Morocide, Kelthane, Morestan, Ethion, Tedion and Mesurol at the 
doses used, were highly effective and equitoxic for the control of pink and 
purple mites. 

Esso tree spray oil and scorching 

Esso Tree Spray Oil has been found to be very effective at the recom- 
mended doses against red spider, scarlet, pink and purple mites but during 
the )car there were some reports of leaf scorching caused by spray- 
ing the oil with pr.wcr sprasers on hot sunny days. In view of its inherently 
htond spectrum miticidal effect and also because it is cheap and readily 
,v\;'.ilab!e. it was thought that lower doses should be tiied u.sing different 
])o\\er sprayers and a Holder Harridcn Knapsack sprayer to determine 
i whether a dcciease in dose reduces its cflicacs or not, and (iiy whether 
‘corcliing occurs at lower doses of Esso Tree Spia\ Oil when used with 
(lilferent power ( ([uipment. I he spiay chemical, in different dilutions, 
was applied on a hot sunns' day t<'i a sei tion of tea which was unifoimly 
and heavily infested with ted s]iider. and the lesults arc shosvn in the table 1. 

Tabic 1 


Spras'cr and rates used 


Knapsack i Eontan ' Mieronette 


1/ha 

% mortality 

l;ha 

mortality 

l,ha 

mortality 

12.5 

90 , 

6.25 

86 

6.25 

1 80 

6.25 

87 1 

3.125 

82 

3.125 

; 80 

1 

3.125 

82 ! 

, 1.5 

82 

,1.5 

! 68 

1 


There was no ses’cre scorching with ain of the tlcwc'. used with the three 
different spraying machines. I he Mi< loueite eausc'd moderate scorching 
at 6.25 lyha, very slight at 3. 125 1 ha but ro coiching was observed at 1.5 
1/ha. There was moderate to slight Moichin;.. when the bontan was used 
at 6.25 1/ha and 3.125 1 /ha resjxc lively. 
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These results indicate that Esso Tree Spray Oil, applied with power 
sprayers (Fontan or Micronette), may safely and cfTectivcly he used at 
3.125 1 /ha even on a hot, sunny and dry day. Because of its low p'ersistence, 
during the rains or in cloudy spells, it is preferable that a higher dose e.g. 
6.25 1/ha should be used with all sprayers. 

Combined spraying trials 

Most of the acaricides and insecticides recommended for the control 
of tea pests are in use as single chemical spia\ against a single pest. But 
recently a new approach to the problem of pest control has been tried. 
The question was asked as to whether a combination of pests, e. g. thrips., 
red spider and scales, could be controlled by one single spray operation 
using a combination of recommended pesticides. 

It is a well-known fact that bushes in Darjeeling are simultaneously 
attacked by thrips, scales and red spider. In the Tcrai, it was noticed 
that bushes were frequently attacked at the same time, by red spider and 
scarlet mite and in some cases scales were also located in the same area. 
In .Assam, it is very common to find areas of tea bushes where red spider, 
scarlet and pink mites are simultaneously piescnt and others where mites, 
thrips and Jassid occur simultaneously. 

In view of this, trials were carried out in the Dooars, 'I'erai, Darjeeling 
and Assam where clilTeient chemicals were mixed together at dilTcrcm 
quantities. 

Joint Action of acaricides 

Field Trial No. 1 — .\ field trial was laid out in a section of tea where red 
spider, scarlet and pink miles were simultaneously present. The 
treatments were applied with a mist blower (Fontan). I'he combination 
of acaricides used and their rates of application w ere 

a. Ethion 4 E — Kelthane E. C. at 0.625 1/ha -f 0.625 1/ha respecti- 

vely 

b. „ „ at 0.312 1/ha -f 0.312 1/ha 

c. Tedion V’-IB Kelthane E.C. at 0.625 1/ha -j 0.625 1/ha „ 

d. „ „ at 0.312 1/ha -f 0.312 1/ha 

e. Kelthane -f- Akar at 0.625 1/ha -f- 0.625 1/ha 

f. „ „ at 0.312 1/ha 4- 0.312 1 /ha 

The result was encouraging and it was found that mixtures of two 
acaricides such as Ethion and Kelthane, Tedion and Kelthane, Kelthane 
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and Akar when used at the rate of 0.312 1/ha of each were highly effective 
for the control of combined infestation of red spider, scarlet and pink 
miles. 

It may thus he concluded that combination of two acaricides, when 
used at half the recommended rates of application for use by themsehes 
in single sprays (i e. 1.230 1 Jia;., gave excellent control of red spider, scarlet 
and pink mites. 

Field Trial No. 2 — A similar trial was located in a C'.tate in the Terai 
in a section where the bushes were simultaneously infested with red spider, 
scarlet and purple mites. 'I he acaricide mixture used and their rates of 
apjtlication were 

a. Fedion ■ Kelthane ' Rogor ;it (*.373 1 ha 0.373 1 ha -■ 1.23 

l.ha respectively 

b. 'redion • Kelihai'e 0.1.23 1 ha O.G23 1 ha ,, 

1 he results indicated th.it th' i- was not inuih dilFeieiice in efl'cctivene.ss 
between the two mixtutes ot acai;! i>!i s and I oih \'.ere equalK effective. 

■So far tl’.f' results uf these two expeiinieut^ ate encouiaging and thev 
Miggest th U till’ ('(feels of the joint .tciioii of two or ihixe .iraiicides mi.xed 
'ogether and used agaitisi .i (ombincl inli'st.iiii'in of two or more mites can 
be elfectise and economical. 

Joint action of acaricides and insecticides 

In the foiegoing text, the result of mixing two acai ii ides for control of 
mixed population of difi’erent miles has Ijcen discussed. But there are 
sections of tea where not only mites and mites are nuxed bt.t w liere mites 
and insects arc frequently located at the same time. 

Thus it was decided to try the effects of acaricides mixed with insecticides. 

Field Trial 1 

This tiial w.is located in a section where there w.is a combiticd infesta- 
tion of red spider, scailet mite and si'ale insects. 1 lie tieatmeris were 
applied with a knapsack s]ir.i\er and t'le a('aiieide insecticide mixtures 
UM'd with their lati's of ajiisluMtiian were : 

a. I'edion Kelthane Rogi'r .it 11.7.3 I ha 0.7.) 1 ha 2.30 1 ha 

respcctivcK 

b. Tedion f Kelthane • Rogor at 1 2.3 1 ha -• 1.25 1/ha 1.23 1 ha .. 

10 
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The result was encouraging and it was found that for the control of 
mixed infestation of red spider, scarlet mite and scales in a section of tea, 
a combined spray of Tedion, Kellhanc, and Rogor at the lower dosage 
rates can lie elTectively used. 


Field Trial 2 

A similar trial was conducted in a section of tea wliere red sj)ider, scarlet 
mite and thrips were present but no scales. 1 he ac.iricide/insectici l.- 
mixtures were applied with a mist blower ( Fontan'i and their rates of appli- 
cation were 

a Tedion — Keith tne - DlTl' at 0.375 1 ha -- 0.375 l,ha T 1.25i> 

l;ha rcspcetivcl\ 

b. redion r Keith. me DDT ; Rogor at 0.025 l,ha r 0.025 1/ha 

0.025 1 ha -r 0.025 fha rcspectiveh. 

The results showed that the comijined .s|)ia\ i-f reiiion, Kelihane anil 
DDT at the above d' ■ses, g.i\c ixcellent <oniii)! I'l all llie posts. It als.i 
concluded from the cousideration of tlio eo't of i liemicals, tint the hist 
mi.xt'.ue is preferable to the second. 


Insecticides 


Looper caterpillar 

Control of looper caterpillar Biston suppr-ssaria Guen., his become a 
problem in tea. DD 1' at concentrations whi h kill the lirsl or secoirl 
instar larvae of looper arc of no value againsi ihoa.- whieli are in third, 
fourth and fifth instais. It is well-known that EtKlriii is a valuable insecti- 
cide for the control of looper caterpillai ; it is highly insecticidal at low 
dosages, persistent and highly stable, but it has a wiy liigh mammalian 
toxicitv. For this reason alone, although it is so clli ieal, it is not irossiblc 
in general to recommend its use in tea in plucking bm in case Eiuirin has 
to be used on tea in plucking, then at least two rounds have to be iliscardcd 
While working on the residual contents of Eiidiin in tea it has been ])io\c(l 
beyond doubt that Endrin leaves toxic rcsiduei beyom! |>er:;:is ible limii- 
even three weeks after spraying. The tolerance level : !f)wrd Ibr Eiuhin 
is 0 (zero). 

In view of ties, it was thought worthwhile to try other in ectii iJ.is ol 
low mammalian toxicity against looper. A broad spectrum ii vv iiiseeii- 
cide Thiodan, having much lower toxicity {22 timc.s less toxic than Eiidiin , 
was tried and compared with other chemicals of low mammalian toxicity. 
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1 lie tiial was crmclucled nii inalure lea in et tiiais which were heavily 
iniestccl with looper eaieipiilai and '.])iay Lhenilcals were applied at 2.5 
1 ha with a mist blower I'l'ontan . Ii was noted that within 48 hours of 
spraying, Ihiodan gave the best result in comparison with Mythyl para- 
thion, Malathion or Rogor aiid its speed of anion was excellent, killing 92 
per cent of the popula'ion in the treated aica. I'o be of real value for the 
control of looper caterpillar an inserti< ide must kill at !ca.st 90 per cent 
(if the caterpillar in less than three days. C5ne reason for this requirement 
is that a few large looper caterpillar will defoliate a tea bush if left undis- 
turbed for even a few days thereby the numh'cr of plucking shoots are re- 
duced. Another reason is that rain is frequent during the time looper 
caterpillars are most abundant and this may reduce the effectiv'eness of 
the insecticide by washing a part of it olT the leaves. The fact that Thiodan 
gi\es a high kill in a short time may make it especially valuable for the 
control of this pest. 

.\fter seven days at the end of the experiment, Thiodan still proved the 
best and had by then killed 100 per cent of the population. 

Hflopiltis thtiiora 

New insecticides of low mamntalian toxicity - I hiodan 35 E. C., Anthio, 
Rirlane and Ortlio Dibrom were tried this year in comparison with the 
standard insecticides DDT and Dieldrin for the control of Hdopdiis thdvora. 

The trial was conducted in the Dooars on mature tea in a section which 
was moderately infested with //. thdiora and the chemicals were sprayed 
at 1,25 1 ha with a Micronettc. 

'Ihiodan and Birlanc applied at 1.25 1 ha with Micronette were found 
to be very good for the contiol of lIdopelti.'< thdiora in comparison with DDT. 

Fungicides 

Blister blight 

A field trial was laid out in Darjeeling in a section where infestation 
of blister blight had occurred every ycai on bushes which were 
pruned in the cold weather of 1966. Altogether three rounds of spraying 
were given at intervals of seven days. 

The results show that the copper formulation. Cupiocoi and organic 
fungicide RH-90 at the rate of 2.5 kg/1, ha wore superior to Foroplant, 
Faptan, Orthodifolatan and Brestan. It was also observed that a very 
satisfactory level of control was obtained after three rounds of application, 
and almost complete protection from blister blight attack was afforded 
until the end of the season. 
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Nematicidcs 


Root knot Nematodes 

Nemagon and EDB granular formulation have proved effective against 
root-knot nematodes (Ann. Rep. 1066). A new formulation Nemafos 
granular, an organophosphate, was received this year for comparing its 
efficacy against Xernagon as a prophylactic measure (pre-sowing soil appli- 
cation) and a field trial was laid out in Tocklai. The granular EDB at 
483 kg ha and two doses of Xemafos granular at 4.5 kg and 9 kg respectively 
were tried. 

Analysis of the results showed that the percentage of plants free from 
root-knot was significantly higher in Xernagon and EDB granular treated 
plots than in the untreated control and also root-knea indices were signifi- 
cantly lower in the Xernagon and EDB granular treated plots. The number 
of seedlings which reached plantahic size wcrcsignificantly greater in Xema- 
gon treated plots than in EDB granular treated plots. I here was no signifi- 
cant difference between the Xemafos granulctr treated plots and the control 
plots in respect of root-knot infestation, root-knot indices and usable trans- 
plants. 


Taints of Made Tea due to Pesticides 

Metasystox, Morestan. Mesurol, .\nthio. Hcxakcl. 1 lexamition, I hiodan 
Captan, RH-90, .\crc\, Birlane, Rospin. .\ 2529, Oitho Dibresm, Mctlnl 
Parathion, Micoihion iTiithion., Cl 8511 and Sumithion weie tested to 
find out whether they taint made tea when spra>cd at normal rates. .Xone 
of the chemicals imparted any taint to made tea. 

Residues 

Field trials were conducted during dry and wet weather conditions to 
evaluate residues of Acrex, Chlorobcnzilatc, Ropspin and A 2529. .Similar 
trials were carried out during wet weather with Trithion and Thiodan. 

Certification of Pesticides and Herbicides 

During the year eight new products were received for official testing. 
Certificate of approval for 17 products were issued and 17 Certificates 
were renewed. One interim Certificate was also issued. 



BIOCHEMISTRY DEPARTMENT 


RESEARCH AND EXPERIMENT 

Manufacturing aid 

Experiments relating to the improvement of the overall commercial 
value of tea by using a manufactui ie.g aid continued throughout the whole 
season. Teas were manufactui ed with and without the aid from two 
iats, Bctjan and Khorijan by both C-. C. and Orthodox methods. The 
teas were tasted by Tocklai and London tasters. 

Both the sets of tasters preferred the treated teas and were of opinion 
that there had been a definite overall improvement although the degree 
of preferences differed between tasters. 

i'he keeping qualities of these teas arc being studied by analysing 
them pel iodicall). 

More expel imentation will, however, be necessary before this new 
process can Ije standardised foi eoinmcicial use. 

Chemical Constituents of tea leaf 
Aroma components : 

The investigation into tlie aroma components ol tea leaves was conti- 
nued. 

I he aioma is a complex mixtuic ol seecral chemical compounds such 
as alcohols, aldehydes, ketoius, esters, terpenes etc. .Aroma cannot be 
|)crceived in tea leaves gi owing on the bushes, but as one steps into tire 
fermcnling room of a tea factoiy, tlie an^ir.a oi tea is apparent. 1 he aroma 
is developed during the processing of the tea leaf wlicn chemical tran.sfor- 
mations of many of the constituents of the leaf are involved. I his initi- 
ation of the chemical changes is accelerated in the presence of specific 
enzvmc systcm.s. 

Attempts were made to isolate all or parts of the tea aroma-comple.x 
hy treating p.artialiy |rrorcs.scd tea leaf and tea made from Bctjan jaf with 
petroleum spirit for over two weeks. The extracts were filteied through 
cotton wool and dried over anliNdrous sodium sulphate. The sohents 
were then distilled off at as low a temperature as possible in order to mini- 
mise the loss of the volatile components and thereby arrive at concen- 
trate rich irt aroma. 
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T!ie aroma rich concentrates were subjected to column chromatography 
using ‘Brockman’ alumina as adsorbent. I'he chromatographs were then 
developed with petroleum spirit and benzene using the two, cither separa- 
tely or in mixture. Out of over 100 fractions each of 75 ml, a dozen or 
more emitted very pleasant odours. 

In earlier e.xperiments, fresh leaf from the same source was finely minced 
and by subjecting it to the above procedure, an amorphous compound 
having melting point 85-87^ C was isolated. The sample was analysed 
in the National Chemical Laboratory, Poona for its molecular weight 
; Rust method) and infra-red spectra. The molecular weight of the com- 
pound was 356. Infra-red spectra showed that the compound contained 
an alcoholic group. 

Distribution of polyphenols in different parts of the tea shoot 

The quantitative distribution of the three major and important poly- 
phenols, (— )- epigallocatechin (EGC', (—)— cpigallocatcchin gallate 
(EGCG) and epicatechin gallate (EGG) along with theogallin (TG) 
was studied in the diflerent components of tea shoots containing three 
leaves and tlte growing bud. Tea shoots were collected from a mature 
seed grown plot at Tocklai, from the early part of May to early August 
and the dried components were examined for their phenolic contents, 
Using tlie spectrophotometric method of estimation. The nature of distri- 
bution of the polyphenols is presented in Table 1, which gives the average 
figures with their standard errors, obtained from four repeats. 


Table 1. Concentration of polyphenols ("g on dry weight) in the aijferent parts 
of tea shoot + SE {standard error) 

Source : A mature seed grown plot at Tocklai 


Sample 

1 EGC { 

i 

EGCG 

ECG 

TG 

1 

j Total 

1 

Bud 

1 

6.15i;0.96 

7.n5:t;0.76 

2.38-0.13 

1.644:0.31 

17.02 

1st leaf 

1 6.76:^0.31 

7.37d:0.26 

2. 004-9-22 

1.25 ^.0. 29 

17.38 

2nd leaf 

^ 6.12i0.33 

1 5.41 d 0.36 

1.624-0.11 

0.954:0.09 

14.10 

3rd leaf 

! 6.]2;L0.63 

5.44±0.42 

1 .454:0.09 

0.91:40.05 

13.92 

Stem 

3.91i0.95 1 

1.634:0.68 

0.744:0. 14 

0.754:0.07 

7.03 

Weighted 
means for 

5.89 

5.42 

1.64 

1.07 

14.02 

whole 

shoot I 


1 

1 

1 





The difference in the phenolic contents of the bud and the first leaf 
is negligible and so also the differences between the second and the 
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third leaves. The stem, as a whole, is poor in comparison to the other 
parts of the shoot. 

Enzyme activity of banjhi and growing shoots 

A preliminary study of banjhi and growing .shoots in respect of their 
enzyme activity and total o.xygeii uptake revealed little difference between 
the two types. A more detailed study of this aspect in the two types of 
shoots from various sources is considered imperative to arrive at a compre- 
hensive picture. 

Chemical changes during drying 

Tea shoots while still on the bush arc undergoing two sets of chemical 
reactions known as anabolism (building up process) and catabolism 
(disruptive proces^). As soon as tlie shoot is plucked, there is a change- 
over in the chain of chemical reactions and catabolism dominates. In 
addition to this, another set of reactions starts instantaneously at the stem 
ends of the shoot 'and also at other sites of damage, if any) where tlie cells 
have been c.xposrd. '1 he dark browning at the end of the stem is caused 
1)\ such rcaeticjiis, which involve mainly the (’xidation of the colourless 
pohl'-henols to colouicd products. 'I he chemical changes occuriing ;bieak- 
ing down (jf pioleins to amino acids and iiu rcase in calfeine; in th.e slioots 
(lining withtriny have alroadv lieen e- t.ibli.shcd. The nature of chemical 
reactions dining the rolling process in v.hich the leaf cells arc damaged, 
.ne similar to those that take jilace at die stem ends just on plucking. 

In the manufacture of tea, tlie chemical reactions initiated by rolling 
the leaf arc allowed to continue in the fermentation stage until the leaf 
arejuires a copper-brown colour and emits the charactei istic aroma ol tea. 
1 hough this stage is considered to be the completion of the necessary chemi- 
cal transformations (as judged b) the eves and the nose) of the leaf consti- 
tuents for the production of good tea. and as such, the fermented leal is 
immediately transferred to the drying machine, it is to be ascertained if 
in fact, the chemical reactions stop at this stage. .Ajrparcntly, the object ol 
(hying the fermented leaf is to remove the moisture and reduce the bulk 
lor storing and p.ieking. This, however, i- only the phy.sical aspect of 
(h , mg. I’he second idea is that, by div ing, the enzvmes piesent in th.e 
leal are inactivated at the high tcmpcr.iturc and the cnzvmatic reactions 
are stopped. 


When the fermented leaf is put into the diier, the leaf takes a little time 
! > .’.tt.iiu the full temperature at which the lernieiitation is stopped. It is 
I'uu foi.’, most likely that the enzymatic reactions continue until the enzy- 
' i > .US' inactivated. Non-en/ymatic re.n lions, hoW'.'vcr, go on upto the 
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end of drying and even afterwards. Ii was, therefore, intended to study 
the changes of the clKmicil constituents of the processed tea leaf at different 
stages of dr\ ing. 

Tea shoots from clones 20/23/1 and 19/29 13 were collected on three 
occasions between late July and late October. The withered leaf was 
rolled, passed through a C. T. C. machine twice, and then fermented. 
Just after the fermentation a sample was collected which was used as 
the control. Fhe re't of the fermented leaf was dried and samples were 
collected after the lOih, 20th and 35th minutes /fully dried) of drying. 
All the samples were analysed for the following constituents : 

(1) Moisture 

(2) 5Vater soluble solids 

(3) Total oxidisables (Lowcnthal) 

(41 5Vater soluble nitrogen 

(5) Oaffeine nitrogen 
('b; Protein nitrogen 
(7) .\mino acid nitrogi’u 
(8i Total nitrogen 
'9) Claffeinc 
/lO Creaming index 
(111 'I'hcaflasins 
(12) 1 hcarubigins 

The indisidual polyphenols were aho estimated by the spcctrophoto- 
metric method after their separation on a two-way paper chroinatograra 
of the mcthanolic extracts of the samples. I hrec repeat runs for each 
of the clones were made. Results arc presented in Table 2. 
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One of the practical difficulties faced in this experiment was the collect- 
tion of the samples at different periods of drying since the degree of drying 
was not the same at the lower and the upper surfaces of the fermented 
leaf spread in the drying machine. Thus sampling errors crept in, especi- 
ally in the fust two samples (10th & 20th min). During the time lapse 
between the collection of the samples and the start of their analyses, through- 
out which the samples remained at a higher temperature, it was most likely 
that chemical transformation of the constituents in the partially dried 
samples continued. This was another setback in getting uniform results 
in the analyses of the samples. 

The figures in the table indicate that apart from the obvious loss in 
moisture, the water soluble solids and water soluble nitrogen decreased 
and the creaming index increased with the progress of drying in the case 
of clone 20/23 1. Other minor losses were in caffeine nitrogen, amino 
acid nitrogen and the total polyphenols (Lowenthali. The polyphenols, 
(-) - epigallocatechin gallate (EGCG),^*(-) - epicatechin gallate (EGG) 
and theogallin i,TG], present at the start (0 min), decreased a little at the 
end of the drs ing, indicating that the transformation of these phenols conti- 
nued during drying. 

I'he behaviour of clone 19 29,13 was not similar to clone 20,23/1. 
Unlike clone 20/23/1, the creaming index of clone 19, 29/13 decreased 
with the time of drying This proved one of the inherent basic differences 
of the leaves of the two clones. It, therefore, warrants further experimenta- 
tion on this project with leaves from various jats and clones for more detailed 
study. 

.\IISChLL.\.\EOUS EXPERIMENTS 

Use of Alaminiuni Rollers 

Tea samples manufactured by using aluminium rollers were examined 
to see if their aluminium content increased be>ond the normal concen- 
tration. No su( h increase wa^ dcicclcd on analysis of the samples. 

Tea Fibre Separation 

Lcgg cut tea samples, treated with a certain liquid for the separation 
of fibies, weie analysed for their fibre contciit and their major chemical 
constituents. It was apparent from the analytital results that only a little 
sepal ation of libie was achieved. 

advisory 

Testing of tea samples 

.\ltogeihcr 3‘>3 samples weie tested dining the year of which 20 were 
instant teas. 
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Moisture Meters 

20 moisture meters from various tc;r estates were adjusted and cali- 
brated during the year. 


MIsEriXGS 

The Biochemist attended the meeiings of ilie Scientific Committees of 
Darjeeling and Cachar areas and eJ llicni of C j p.nj -ct and the 

nature of other work. 

Meetings of the Agrirultural and Food Products Division Council 
('.\F1)C) and Tea Sertional C oinroiitcc AFDC : 16; of Indian Standards 
Institution, held in New Delhi, were attended by the Biochemist. The 
convention of Biological ( In mists' Jndia , held in Bangalore, was also 
attended. 



MANUFACTURING ADVISORY & TEA TASTING DEPARTMENT 


Fineness of Plucking 

It is a common experience that fmcr plucking produces better tea, 
but very little is known in fact about the economics of the situation. An 
increased price for tea cannot be considered in isolation and it must be 
balanced against any potential loss in crop at the field or overall increase 
in cost of production. In an attempt to collect data towards solving this 
equation, teas were made from strictly one leaf and a bud, strictly two 
leaves and a bud and shoots plucked as in normal rounds which contained 
about 75% fitte (i.e. upto the 2nd leafj leaf by weight. Manufacture was 
conducted during the rains period only and the tasting rcstill.s sliowed 
that the tea made from one leaf and a bud were worth about Rs. 1.30 per 
kg more than the normally plucked leaf and the tea made from two leaves 
and a bud Rs. 0.60 per kg. more. The bud and the first leaf makes much 
better tea than the second leaf, stem and banji shoots. 

.\nother part of this ittvestigation was designed In the Senior Botanist 
whereby separate cotnponcnis of shoots were nianul.u tured tor him atul 
the resultant teas \ahtcd. Results <ire given in his Rt [lort. 

■Mthough some first qitantitative ilata has been ohtaitieil ditring the 
year a lot remains to be done. During the next \e.u it is intended to 
mantifacture samples of ditl'erent leaf qu.iliiies thnsughout the year, not 
only during the rains and .Senior .\grieuliurist has started an "xperiment 
to observe the effects on yield of plucking on very short to normal rounds. 
Tea will be made from these plots. 

Leaf Carriage 

Careless leaf handling during transporting leaf fiom the field to the 
factory can adversely affect the cup characters ol the made tea. Teas 
made from undamaged, partly damaged and severely rb.magcd leaf were 
assessed for cup quality and the assessment showed that it the leaf is severely 
damaged then the loss can be as much as Rs. 0.60 per kg, and if the leaf 
is only partly damaged then the loss can he as mtich as Rs. 0.40 per kg, 
compared to the undamaged leaf Again in the case of clones the loss in 
value due to leaf damage can be. much higher and as much as Rs. 1.50 
per kg for severe damage and Re 1.00 per kg for [tartly damaged com- 
pared to the undamaged leaf. Work is going on to tind out exactly how 
and when the majority of leaf damage t.ikes plarc. 

Roller Charge 

The effect of roller eharge on the cup characters of made tea and the 
need to vary roller charge depending on the wither are not always realised. 
Expel iriients carried out on these factors showed that with a higher wither 



it is necessary to Increase the roller charge and with a lower wither, to 
decrease the charge. Overloading as well as underloading of rollers equally 
affects liquors adversely, Ihcsc observations were made on orthodox manu- 
facture in the plains of N. E. India. 

Effect of roller charge on the cup characters of C. T. C. tea is being 
investigated. Preliminary observations tend to show that overloading 
and underloading of rollers can adversely affect the cup characters of 
C.T. C. teas as well. However, more work is needed before arriving at any 
firm conclusions. 

Period of drying of C. T. C. and Orthodox teas 

Dual manufacture is vciy po]jular in N. E. India at present, whereby 
the fines are used for orthodox manufacture and the remainder for C. T. C. 
With the introduction of dual manufacture the question of optimum through- 
put time through the dryer in the first fire for G. T. C. and Orthodox teas 
has to be considered. Should the Orthodox tea be dried in the same 
manner as C. T. C. tea ? 

The important point which will govern the period of drying is the rate 
of loss of moisture and the data obtained so far show that the rate of loss 
of moisture in the case of Orthodox tea is much lower than for C. T. C. 
tea. So to be able to dry ellicictitK , which is one of the most important 
factors that governs the liquor characters of made tea, Orthodox tea should 
be dried at a much slower rate than T. C. tea. In other words Orthodox 
tea should be dried at a comparatively lower temperature with comparati- 
vely longer througlqntt time through the driers than the C. T. C. tea. 

Unpruned Tea 

Although longer cycles. incliKiing unpinned tea. increase yield, doubts 
are still held as to the quality of the made tea. An attempt was made 
to obtain data for teas made from unpiuned tea by C T. C. as well as 
Orthodox methods of manufacture, Eiom the end of December 1967 to 
the end of February 1968 such teas were sent to three Blenders in the 
U. K. and also to one internal Buser in India, and one internal Blender 
and a Bioker in Calcutta for their opinioi.s. London tasters found the teas 
unsuitable for use in their blends while some oi the Calcutta tasters 
thought that these teas could be used at a price of about Rs. 2.50 to Rs. 
3.00 per kg. However, the teas made from the early part of March 
improved a little and had a standard somewhat similar to rains, 
non-descriptivc teas. 

So far, observations on the commercial teas made in Assam from totally 
unpruned bushes show that in the case oi Orthodox manufacture there is 
very little lip and in cup, both Orthodox and C. d . C. teas have hardly 
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any pronounced quality during the second flush. The difference in value 
of C. T. C. teas made from pruned bushes and continuously plucked bushes 
(^i. e. not pruned nor skilled ] is in the region of Rs. 1.00 to Rs. G.OO per kg 
during the second flush period, the pruned teas beir.g always superior with 
much liner quality. 

Teas made from these unpruned bushes are not suitable for the e.xport 
market and will most probably have to be consumed in the internal market. 

As in the case of fmeiiess of plucking, mentioned earlier in this report, 
the true end point can only be e.xprcssed by profits. I he decrease in price 
per kg of teas made from untouched bushes must he balanced against the 
increase yield and the reduction in overall cost of production. 

Manufacture and assessment of leaf samples for other Depart- 
ments 

Leaf samples Ifom expeiiineut> on plucking, pruning and manuiiiig 
were manufactured and tasted according to devigns given 1a the Statis- 
tical Department for the -Agiicultural and .Advisory Ik-paiiinLiUs Leaf 
samples were also manufactured aiul tasted for the Botany Department 
and some very fine quality clones were discovered. l eas inailc by various 
machines being developed by the Engineering Develojsmeni Depaiimeni 
were assessed and the teas made widi the Fennenting-i uin-l)i y ing machine 
in a commercial estate were found to be inferior to the uomial iranuf.u line 
practically throughout the rains. But with the onset of the cold weather 
the teas from this machine imitrovcd considerably and weie in most cases 
superior to the normal mannfacturc. The teas made by the R\' Cl. d’. Cl. 
method with the cone fitted to the lotorvane were consistently siipeiior 
to the teas made by RV C. 1. C. method without the cone attadiment. 
Considerable improvement of the cup characters of the tea m.ide with the 
manufacturing aid by the Biochemistry Department was observed. 

Advisory Work 

Advice on manufacturing problems is first given as far as possible, by 
tasting at Tocklai and at different group tasting sessions held in different 
areas. This procedure has had to be evolved as it is not possible for one 
man to cope with a total of .563 estate factories and also the internal work 
of the Station. Therefore preliminary screening for obvious faults is done 
by tasting and thereafter factoiies are visited only if it is absolutely ncce.ssary. 
rhis is admittedly not a very sati .factory procedure, and the Dcpaitmcnt 
is being strengthened a.s quickly a.s p<>.ssil)le. Mr. .\I. R. Patel, .Second 
Tea Taster arrived at the end of this ycai. 
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I'liis season 14 taslinj^ sessions were held throughout the plains areas. 
.\dvicc by actual visits to the i'actory had to be confined to only 1 14 estates 
although the need v\as much more. 

It is gratifying to note that elate, v.liith followed our advice meticu- 
lously, realised highei prices \ar>:ng from anything between 40 paise per 
kg to Rs. 2.00 pci kg; the (uopoi tionate uirrease in price being more in 
case of the poor quality estates. 

I he advice gi\ en was mostly on correct programming and on the proper 
use of ihe din'crcni machine^. Without the addition of an> more machinery, 
theie is still room for inipioving quality in quite an appreciable number 
ol factories in .\. 1£. India b\ just pacing nure attention to the basic details 
involved. 

Generally, witheritig fuihiiis arc ■■till inadequate in most factories, 
lioughs have been instalkd and being ;,rtallc-d in many factories but in 
iiost cases their capacity is fir too low hu' the (loj) harvested. Thus for 
sample, three standard sized trough . 4iJ' s b"; for a crop of 
).'J.242 kg. (KhDdO inds ate mote of a hinderance than a hclj) 
liicii it comes to ^nuiotii lucigi animing. 

Jo get the m.'..\iniiim theoicticttl b'li' fit it would be nccc.ssary to aiii- 
.fi.ilb wither l(Mi ' , i.ei cei't of die maximum expected crop on a peak 
a\ i)ul in iciliii thi' U pininibly not ci i ll•'n;'^,:i. Tlu'ieibre a reasonable 
AM-r aim is not !i -s than .50',, of a peak d.iy d'c lesi being withered natur- 
llv. Aneiliing above this will be l^eiKliciil pioviding ii lends itself to 
nionih programming. 

liiC., r.Cl. m.iiiulactere our expci ien.ee during the \ t ar w as dial insuffi- 
■ant attention was paid to tlie c >i’.tliti<'i!lr ' t'i the leal prior to euttina; in 
lie c:. T. c:. niaeliine.,. I lure i- .i gtt.ii need for more attention to be 
iven to itiller rbarge< .inti (he spi tti of die lollers in Roll V-. T. C. manu- 
letiirc. Kxeessivc pies>iiie is too often .ip[)lied b> bad adjustment of the 
11(1 ]ilale of the rotors ane and too i'ltle .itieii'ioii is given to the feeding 
1 die loloivanc in R\' (1 1. C. maiiufaciiire. 

1 he standard of cirslng Inis improved during the last few years, but 
'fie is still room for more impiovement. The airangcments for allow- 
Ig the exhaust air from the driers to escape freely Irom the drying room 
not adequate in manv factories. I'tir example, in one G. 1 . C.. tactoiy 
'<■ output of the drier was inere.tscd from 73 to 1 12 kg. (2 nuis to 3 mds) 

Cl’ hour simply by making .m o|)cning in the lool large enough tor 

exhau t air to escape hcely tiom the drying room. 
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Tea Tasting : 

Samples from estate selected clones were tasted regularly throughout 
the year and assessments given. Drying of clonal samples is still very 
poor and the main reason is that the small samples are not dried long enough. 

During the season 3,461 experimental samples from Tocklai, 5,795 
samples from estates for advising on manufacture and 8,251 clonal samples 
from estates were tasted. 

Refresher Course 

The Manufacturing Adviser & Tea Taster was in the U. K. for three, 
months for a refresher course. He visited Kenya on his way back to Tocklai. 



ENGINEERING DEVELOPMENT DEPARTMENT 


RESEARCH AND EXPERIMENT 


Withering 

A simple three stepped trough in a prototype form was fabricated and 
attached to the discharge end of the prototype withering tunnel at the 
Pilot Factory, with a view to improving the performance of uni-directional 
troughs of standard design. The results obtained from this prototype 
trough were found to be extremely encouraging in that the variation of 
wither in the three steps was within ± 1.5%. The steps in the prototype 
were 244 cm (S') long, and the depth of the air duct below the sections 
were 94 cm (3'-l"), 66 cm (2'-2') and 3'8 cm (15') respectively, beginning 
from the inlet end of the sir duct. 

Rolling 

Condnaous Gre«n Leaf Processing Machines 
i) Prototype Rotary Condnoous Roller, Disc Type. 

(a) The 76 cm 30"; diameter prototype l.)isc Roller was temporarily 
installed at Kotalgoorie 'Fca Factory to be tried out in competition with 
their standard roller/ C. T. C. manufacture. 7'hc treatments were as 
follows 

Treatment A-30 mts normal roll;3 cuts C. T. C. control treatment. 

Treatment B-2 passes through Disc 3 cuts C.T.C. 

Frcatment C-10 mts normal roll/l pass through Disc 3 cuts C.T.C. 

Treatment D-15 mts normal roll,'l pass through Disc/3 cuts C. T. C. 

The average nominal valuations of 1 1 repeats of these experimental 
teas according to the Manufacturing Adviser and lea Taster at Tocklai 
were as follows 

Frcatment A — Rs. 5.39 Control 

Treatment B — Rs. 5.78 

'Frcatment C — Rs. 3.52 

Treatment D — Rs. 5.89 

All the treatments where the Disc Roller was used showed better valua- 
tions than the control, chiefly due to the improved quality and strength 
of the teas. 

This 76 cm (30') diameter machine was then sent to Ging T. E. in 
Darjeeling for comparative mamifacturing trials against orthodox lollcis 
towards the end of the season in October 1967. hull tiials will take place 
during the 1968 season. 
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(b) A 122 cm (48”) diameter commercial prototype Disc Roller was 
fabricated during the early part of the 1967 manufactu: ing season. Thr 
unit was mounted on a pe.lastal made from structural steel sections. Ii 
was in operation at I'ocklai during the 1967 manufacturing season wit'i 
minor modification and altcra'ions from time to time. I'he machine had 
the feed screw running at 48 rpm while the disc was running at 24 r[j'n an 1 
at those speeds, the capacity of the machine was found tit be 118') Kg 
(2600 lbs) of withered leaf per hour. The liqn. ns and appearance of di\ 
leaf was comparable to tltosc from orthodox rollers, but, the colour of thr 
tips was considered to be too pale by the tea tastci,. Ibis aspect of im- 
proving the colour of the tips was looked ittto and modifications madr 
during the off season which should improve leaf against leaf action. It 
will be possible to study the outcome of these measures early in the 
1968 manufacturing season. 

(c) Miniature Disc Roller 

At the instatice of the .\rca .Scientific Committee of the South Rank. 
\Vt.o,. work was takcti iti hand to provide the Industry with a small mecha- 
nical device wliicli can condition leaf for miniature C. T. C. marhitun 
normallv used for clonal selection work. .\ miniature l)i-.c Roller wa-. 
fabricated and te.as pro.'csscd from leaf conditiotu'd in this tle'. ice for m intt- 
facture in miiiiainic C, T. C. iiiachines were comitared again-t those ftoni 
the norma! Pizey 'C. T. C. method of manufaciurc. 


.\ftcr a few trials with the first machine, a dedgn was r\-olved which 
produced results far superior to the standard Pizey 'C. T. C. method ol 
manufacture. The Tocklai .Manufacturing .Xdviscr and Pea Taster'.s 
report on a sciics of such comparative cxpcrimf'ni d samples c.m be suin- 
marivcd as follows : — 


Table I. 

Compnraliir as^e'isini’nt "f leaf from Two Di/ftien' 
Metho'lf nj Mnnufaclure 


■Strength 
( hnilily 
\'al'.iatinn 


.Mi'lhofl of Mantifaetm e 


! 


Miniatnii- i Pizey (f T. C. 
Disc ( I'.C I 


( loc.d 
( 'a 'Od 

7 10 


Fait ly good 
Fairly C<vid 
(t, .If) 
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Tenders for commercial manufacture of the Disc Rollers fthe commer- 
cial sized one as well as the miniature verson) were being invited from 
Tea Machinery Manufacturers by the Tea Research Association, Cal- 
cutta at the time of writing this report. 

(ii) Vertical Type Continuous Roller 

.\s stated in our Annual Report for 1966, the 38 cm 05") diameter 
vertical type continuous roller was fabricated at Tocklai during the early 
part nf 1967 manufacturing season and was operated from time to time 
m competition with other continuous leaf processing machines under de- 
velopment at the Pilot Factory. Its main features are very generous 
clearance between the vanes and the resistor pins and vertical evlinder 
which is split along its mid-line to make cleaning easier. The original 
mialler 30 cm (12') diameter machine was remodelled to induce more 
cutting action. 

Both these vertical machines were operated dining the 1967 season 
and samples tasted by the Tea 'Faster at Tocklai. The general trend in 
all the reports on these teas were as follows : — 

"Unf ; riiese teas are somewhat like tlie Dise Roller samples 
but they have less make and are a little blacker. 

Infused leaf Fairly bright. 

liquors Liquors are much inferior to the Disc Roller samples. 

1 he\ arc harsh on the palate with fair b- ightness and 
briskness. The 30. .a cm 12'' diameter maehine is 
harsher still in ciq) when compaicd with the 38 cm (15') 
diameter machine." 

It would appear from the trend of the tasting remarks that these machines 
rcr|uire further develojinient and study before they can produce teas of 
acceptable standard on their own. The machines as developed upto the 
>ear under report, being all o]K'n top machines with a tendency to produce 
more small leaf, may piove to be suitable for use in conjunction with legg- 
ent manufacture whi te aei.ition of cut-leaf during rolling is cotisidercd 
to he a desirable feature. Efforts were, therefore, being made to send 
the 38 cm fl5'', diameter maehine to a Dixsars factory to try out its poten- 
tialities as a proeesving mat hine for Legg-eut tvpe nf manufacture during 

I%8. 
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(iii) Rotorvane 

(a) Gone attachment with an adjustable sleeve for 38 cm 
(15') Rotorvane. 

Manufacturing trials with the cone attachment revolving within an 
adjustable sleeve at the discharge end of a 38 cm (15') rotorvane under 
commercial conditions of manufacture were initiated at 'fengpani T. E., 
Assam, with the co-operation of the management of that estate. The 
trend of results from this experiment was the same as reported in the 19GG 
Annual Report, in that the teas processed through the rotorvane with 
the cone attachment were preferred to roll C.d'.C. or normal Rotorvane 
C. T. C. teas due to improved brightness and briskness of the litiuors. Re- 
ports on teas from the Central Dooars Tea Co*s Rungamatce T, E., where 
an experimental cone was in operation from last year, continued to hi: 
satisfactory. The Port Engineering Works had been asked to submit 
their quotations for commercial manufacture of this attachment to the 
Tea Research .Association with the expectation that the cone attachment 
for the Rotorvane would be available for commerei.d use (hning the lOtih 
manufacturing season. 

(b) Experimental 38 cm 15' diameter Aluminium Rotorvane 

This machine fabricated i)y the Port Eitgineering Wmks and sent m 
Tocklai for trial in the lOiiG manufacturing season was insttdled at Kamal- 
pui r. E. and as reported in the l%ti Annual Report but the vane segmcnls 
were found to be mechanically weak. This trial was continued this ye.ii 
at Kamalpur with a new set of aluminium alloy vane segments of a dilTcrcnt 
composition specially manufactured by the Port Engineering Works. How- 
ever, under the strain of the leaf load, one vane sheared at it.s root and the 
broken vane damaged the cylinder-lining of aluminium fitted inside the 
cast iron barrel. Finally, the broken vane was also responsible for tearing 
off four other vanes partiallv or wholly from their respective hubs. 

Examination of the rotor parts indicated that alter two season’s working, 
the thrust face of the feed worm had worn off to razor sharpness at its dis- 
charge end. 

In view of the alxive, it was decided to discontinue the experiment 
until a more suitable and mechanically tough aluminium alloy ran he 
procured to replace the immensely suitable, but irnpoiied, gun metal, whu h 
has been the sUndard metal for the components of th.e rotorvane so fu. 


(c) 20 cm (8’) Prototype Rotorvane 

The experiment with the short 20 cm (8*) Rotorvane was coiUinin 1 
with one and two vane segments together with the cone attaclnnent and 
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sleeve, at the discharge end of the machine. The processing action ol 
this short rotorvane has been improved further by modifications to the 
sleeve and the rotor. Comparative manufacture of one and 
two vaned rotor with a eone, produced teas which were generally 
commented on by the Tocklai Tea 'faster in the following manner. 

“8” Rotorvane Samples one vane- vs- two vanes 

Leaf : In leaf I give slight preference to the one vane Rv. sample 

being a little bolder in size. The coarse mal from this 
e.xperiment with the one vaned machine contains less 
fibre and is preferred. 

Infu<:ed leaf : Green. 

I.iquors : Very green and harsh. The two vane Rv. samples arc 

little mellower than the one vaned sample and as sucli 
arc prefeired.” 

1 he experiment with this machine will be continued 

(ivj Tocklai Continuous Roller : 

No significant progress on the fabrication on the Mark II Tocklai Conti- 
nuous Roller was made during the vear by the Britannia Engineering Co., 
who, however, assured us that a prototype Mark II T. C. R. would be made 
available to 'I'ocklai for trials during the early part of the 1968 manufactur- 
ing season. 

Fermentation : Continuous Machine 

3' (162 cml Ciommcrcial Prototype Fermenting cum Di ving Machine. 

.\s pioposed in the .Annual Report for the year 1966. the 5' (152 cm) 
roiuinuous fermenting cum di v ing machine was re-positioned at Duklingia 
lea factory by constructing an additional lean-to shed for the direct oil 
iiitcl air-heater. Two independent tanks to supply T. D. and L. D. oil 
to this heater were also installed. 

I he fermenting chamber was positioned on the floor ahead of the dry- 
ing chamber in an in-line arrangement. 

Trials with the machine arranged in this new wav showed improved 
conditions for fermentation. However, the major item of heat input into 
the fermenting chamber is the residual heat of the trays returning empty 
from the drier, 'fhe cooling time that could be aflbrdcd for the trap's 
between drier motith and entry to the fermenting chamber, was only about 
six minutes at the maximum and that is inside the drying room of the factory 
"hcic the conditions become inercasingly hotter with the progress of the 
d‘t>’s manufacture. 
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Lack of funds for purchasing a suitable cooling unit compelled us Uj 
try out methods other than the ideal, and as a consequence the resiilu 
achieved were far from satisfactory. The e.vpedient tried out was sucking 
in comparatively cooler ambient air through a humidilier and exhusting 
a part of the air that passed through the chamber through adjustable grills 
at the front end of the fermenting chamber. The average conditions under 
which the machine worked during the 1967 season are shown in Table 2. 


Tabu- 2 


i 

Month j 

Average tempe- 
rature inside the 
fermenting 
machine in 
°C. Figures with- 
in brackets are in 
»F. 1 

Average tempe- 
rature of the dry 
ing room in C. 
Figures within 
brackets arc in 

F. 

\ ' 

No. of com- i 
parative 
samples 
tasted at 
Tocklai 

No. of times 
continuous- 
ly fermen- 
ted teas 

were 

j picfcncd 


D.B. 

W.B. 

! D.B. 

W.B. 


1 

j 

July 

1 

1 

i 

41.6 

I (107) 

40.6 

■105) 

; 28,6 
83.5, 

1 

26 . <) 
80) 

; iu>nt‘ 

1 IKHiC 

1 

August 

40.0 

(104) 

37.6 

,99.7) 

1 

35.5 

(95.8) 

30,5 

(87) 

' 22 
j 

i 

1 

1 

! 11 

1 

1 

t 

September 

37.5 

^,99.6) 

33.9 

(93) 

j 35.0 

I i95) 

29 8 
■ 85.7, 

1 

1 18 

j 

i 

i ; 

October 

33.4 
, '.92.1) 

29.8 
(85 . 7 ) 

30.1 

86.2, 

2.5 , 4 
(77.6) 

1 18 

I 

i 

i 9 

November 

33.7 

(92.7) 

1 31.7 

1 (89.0) 

' 27.5 
: 181.5) 

22.2 

t72.0) 

i 

"t 

17 


With the advent of the cooler weather, the ambient temperatures drop- 
ped considerably and hence the cooling contions for the trays enabled 
to revert to a hundred percent recirculation of air inside the fermenlinit 
chamber. Complete recirculation, which is the design target, thus bcin- 
achieved, the samples of teas fermented and dried in tliis machine diiriu., 
tha months of late October and November, 1967, were eonMclered to In 
showing marked improvement by the Tocklai 1 aster. Ihroughout l.oi 
season it was found that the samples drawn at the beginning of the d.o 
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are better than those drawn later in the day indicating the urgent need 
for improvement in the temperature conditions inside the fermenting cham- 
ber 


The experiment is proposed to be continued during 1968 using a 5 ton 
air-conditioner unit which should enable us to achieve the desiicd degree 
of control ovci the temperature and humidity conditions inside tl e ferment- 
ing chamber. The data collected from the proposed experiment should 
be of consideiable value in designing a commercial version of the Conti- 
nuous Fermenting machine. 

Driers 

The Commercial Prototype of the Tocklai Co.ilinuous Tray Tea Drier 
at Hunwal factory was bi ought up to the standard of the commercial ver- 
sion of the machine by replacing the two side plates at the front end of the 
drying chamber, thereby reducing the free space between the leading 
edge of the trays and the front plate of the chamber separating the drying 
chamber proper from the enclosed feed chamber. Ihe performance of 
the machine after this modification was found to be very much better, 
and outputs of over 200 Kg. (440 lbs.; made tea per hour from C. T. C. 
i\pe of manufacture had been reported with a fuel consumption of approxi- 
mately 0.227 litres per Kg of made tea (1.75 gallons md of made tea), 
fhe inlet and exhaust conditions remained at ^3.5’C (200 T') and 43.5 ^C 
,110T) respective!) . 

Moisture Content of Green Leaf 

The project had to be held in abeyance due to lack of equipment and 
resignation of the Second Research Engineer. 

Direct Firing 

C omparative afscssment of tcc.s fion; ebrect and indirectly fired teas 
were taken in ha id in collaboration with commercial estates having facili- 
ties for both types of firing in driers of similar make, to study the differences, 
if any, between these two types of firuig under commercial conditions of 
manufacture. 

With regard to the qu.ality of T. D. Oils used for direct firing of teas, 
the results of the anah sis of sample ol 1 . D. Oil sent to .\lipur Test House 
and the Indian Institute ol Pciu>kum arc quoted a' fidlows 
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Alipur Test House 


Samples drawn from 

Require- 
ment ol 
I.S.S. 

1593- 

1960- 

Grade 

LV. 


Kakajan 

Hunwal 

Duklingia Cinnamara 

1, .Appearance 

1 

Dark coloured viscous oils free from visible 
impurities 


2. Closed flash 
point (P. M.) 

above 

66"C 

above 

66°C 

above 

66"C 

above 

66°C 

above 

66°C 

3. Kinematic Vis- 
cosity at 122’F 
(50=C) 

10.5 

Centi 

stokes 

11.2 

Centi 

stokes 

9.4 

Centi 

stokes 

10.8 

Centi 

stokes 

80 

Centi 

stokes 

max. 

4. Gross Calorific 
value Cal/gm. 

i 

10580 

10580 

10635 

10380 

not limi- 
ted. 

5. Water content 
Dean & Stark 
method) 

Trace 

1 

Trace 

Trace 

Trace 

1 max 

6. Ash '’o by wt. 

1 

0.017 

0.017 

0.015 

0.016 

0. 1 max 

7. Sediment 

Practi- 

cally 

nil 

Practi 

cally 

nil 

Practi- 

cally 

nil 

Practi- 

cally 

nil 

0 . 25 °; 

max. 

8. Inorganic 
acidity 

Nil 

Nil 

Nil 

Nil 

Nil 


Remarks : ‘ All the four samples satisfy the requirements 
of clause 4 of LV grade fuel oil to Indian 
Standard Specification No. 1593-1960.” 
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Indian InstiluU of PetroUum 


Analysis of Tea Drier Oil Samples 




Cinna* 

mara 

Dnk- 

lingia 

Hnnwal 

Kakajan 

Kinematic viscosity at 100°C, 
cs. 1 

3.14 

3.20 

i 

3.35 

3.09 

Flash point, PM CC,'’C 
Copper strip corrosion j 

85 

81 

1 

86 

1 

90 

for 3 hours at lOO'C 

lb 

lb 

lb 

lb 

Water content, Volume 

0.45 

0.25 

0.30 1 

0.40 

.\sh "u Weight 

0.02 

0.017 

0.025 

0.025 

Inorganic acidity 

Nil 

Nil 

Nil 

Nil 

Sulphur by wt. 

0.11 

0.09 

0. 16 

0.15 

Sediment by wt. 

0.016 

0.007 

0.009 

0,017 


riicsc studies ou direct firing of tea will he continued. 


Plucking Machine 

It was generally agreed and realised that the Mechanical Tea Harvester, 
as developed at Tocklai in the late fifties could only be brought into use 
in gently undulating grounds and that too in a limited scale in mature-teas, 
as a comparatively clear passage has to be made through the tea bushes 
to allow movement of the wheeled vehicle; realignment of drains and shade 
trees would have to be done on a large scale to cater for its economic use. 
Furthermore approximately 75 per cent of the tea growing areas in N.E. 
India would preclude its use because of the nature, topography and shape 
of the planted areas. In view of the above, the development of the large 
self propelled liarvesting machine was placed low down in the current 
Programme of Work. 

It was, however, thought that there is scope for the development of a 
small manual aid to plucking to assist plucKcrs to harvest larger areas of 
tea in a given length of time than they can do by hand alone. With this 
aim, work was taken in hand to modify and improve a basic patented idea 
of a prior Indian Patent . .Vpplic.ation for its patent coverage were then 
filed in several tea growing countries and scvcr.rl of these manual devices 
were fabricated at Tocklai and distiibuted to some eommercial estates 
in N, Fj. India for trial and report. A trial was also laid out at Boibhetta 
to compare the relative efliciencv of the manually operated shear haiwcsteis 
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(as widely used in South India) and the Tocklai Manual Plucking Aid. 
The results from trials in the commercial estates are awaited. 

Borbhetta's picliiuinary report indicates that the rate of plucking with 
the manual aid is 1 .8 times faster than hand plucking, while the shear harves- 
ter is approximately twice as fast. But in the quality of leaf harvested, the 
shear harvester brings in 2 to 3 times the weight of damaged leaf in com- 
parison with the Tocklai manual plucking aid at its present state of develop- 
ment. 

Efforts were being made towards the end of the last manufacturing 
season to reduce the weight of this aid still further by substituting com- 
ponents of moulded plastic wherever possible. The experiment and trials 
with the device will be continued. 

ADVISORY 

Touring : The Senior Research Engineer attended three meetings of 
the Engineering and Technical Sub-Committee, two in Calcutta and one 
at Tocklai. He attended one meeting each of the .\re;» Scientific Commi- 
ttees of Cachar, Dooars, Darjeeling, \orth Bank, Ea«t and West, .South 
Bank East and W cst. He was a member of the delegation led by the Direc- 
tor to the U. P. A. S. I. Scientific Department. Whilst in Calcutta he paid 
visits to Britannia Engineering Co. and Port Engineering Works on three 
occasions, .\dvisory visits were paid to twenty four estates. 



STATISTICS DEPARTMENT 


During the year, the Department extended intensive co-operation and 
help in solving more than thirtyfivc statistieal prohlt'ms encountered by 
research workers of different Departments of the Station in relation to 
experiments with agriculture, biochemistry, manufacturing and tasting 
(if tea samples. Consequenth , to meet ihe^e specialised requirements, 
appropriate statistical designs such as Balanced Incomplete Blocks, Cyclic 
I’.irlially Balanced Incomplete Blocks and other non-routine measures had 
lo be introduced. As in the previous year, these designs were found to be 
more efficient than simple designs because they have provisions for con- 
trolling more sources of experimental errors. Tor example, prior to 1966, 
it v\a.s not possible to differentiate with eeitainty teas manufactured from 
in.murial plots in terms of valuation, whereas with the introduction of these 
new designs, the differences ixtween niamirial treatments ran be more 
.ueiiratfb' iC'tcd b\- t iking into account the tlilTerences between roller 
hoods and the efreets of' time lag on tin' iicattneiit' chic to bateh manu- 
f.n lure wlieii the ruimlier of tieatments c'xeeeds the nttmber of hoods. 

I iicse me.isiues hase reduced expel imcntal ernii-- considerably and thereby 
iiii '-eased the ellicicncy of expeiimeniation. Increasing aeruracy was 
also aeliicved in the Taster's rnclliod ofseoiing as no mote than four samples 
were icciuiicd lo lie tasted at any single time. 

As a result, research workers of vat ions Department^ could draw valid 
conclusions on those prciblcms w hich arc of prime irnjioi iance to the Indus- 
II y such as selection of clones, manuring, other field man.agcmcnt practices, 
manufacturing mctliods and so on. 

Statistical Study of the Chemistry of Tea 

In addition to the alxivc, the complete statistical .ispccts of the project 
C) of the Biochemistry Dep.arlmcnt ^Tocklai Annu.il Rep., 1966, page 
1 18) was taken up during the year to stiuly the following points ; 

i) the effects nf chemical factors on \':i!uation and the five liquor 
characters, Qu.tlitv, Colour, .Strength, BiiglitnC'-s and Biiskncss, 

ji the relationships hetween \.iluati(ui and the fix'c liquor charac- 
ters, and 

\iii) the relatiousliips between Qiiahty <ind the other font lirptoi i ha- 
racter-. 
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with the following main objectives in view : 

(a) to provide guide lines for improving the quality of tea, 

(b) to simplify our 'Focklai tea tasting form, and 

(c) to differentiate clones chemirally. 

The practical work of the project was carried out in 1966. Seven 
clones and a commercial jat of tea were selected and leaves from ail tin 
eight sources were manufactured on 12 occasions, alternately by Cl. '1'. t . 
and Orthodox methods, and the teas were sent under code to fi\e experi- 
enced tasters (two in London, two in Calcutta and the Tocklai Manufactur- 
ing Adviser and Tea Taster) for evaluation of Colour, Brightness, Brisk- 
ness, Strength and Quality and finally to place a cash value on each sample 
based on those liquor characters. The Biochemistry Department analsseil 
green leaf, dried leaf and the made teas from each clone and the jat on all 
the 12 occasions, for 33 and 34 dilfcrent chemical factors of the C. T. ( 
and Orthodox tea' respectively. Unfoitunately, for technical le.i'on' 
one of the tasters' scores could not be finally utilised for analssis, 

The large mass of chemical and tasting data tire Oeing anaK sed for tl.r 
Tint time in the history of Tocklai on an IBM electronic computer .it I.I.’l . 
Kanpur. Some of the broad results revealed by the prelimin.iry antilyM - 
of data are given below : 

(i) .\mongst the significant chemical factors affecting the Valuations 
of made teas of each taster, only 12 and 7 chemical factors for 
C.T.C. and Orthodox teas respectively, were found to be common 
for a majority of the tasters. 

(ii) .Ml the four tasters highly associated Valuation with Quality and 
or Briskness, lx)th of C. T. C. and Orthodox teas. 

(iii) The majority of tasters, highly associated Quality, both of O, T.C . 
and Orthodox teas, with Briskness. 

Crop-Weather Studies 

Tl'.f main objective of this stiuly is to study the effei is of rainf.dl oi! 
yields and thereafter to di velop a method for the pi edict ion i i 
annual crop. 

Investigations into the effect of rainfall on the season’s crop harveslid 
d'lri og October to December (late crop) w.rs extended over nine year' 
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data (1957-65) with the continuous series of crop-weather records available 
Irom 34 tea estates of Upper Assam in the region where the average annual 
rainfall exceeded 2300 mm (90 inches). These 34 tea estates represented, 
by and large, the region extending over the whole of Lakhimpur district 
and the adjacent portion of the Sibsagar district. 

Preliminary investigation of tlie ‘within estate’ source of variation 
showed that January to March aad Jul> to September rains had beneficial 
effects on the late crop but .Vprii to June lainfall showed an adverse effect. 

Further, investigations into the effect of rainfall factors considered 
together with the crop harvested up to June (early crop) and that during 
July to September (main crop) on the late crop yield showed that, (i^ 
tainfall during July to September had beneficial effects on the late crop 
and (ii) the late ciop increased with, the increase in main crop. 

Detailed investigation is being continued. 

Survey of Shade Trees 

To studs the influence of \arious sliade species on the incidence of 
pi'ts and diseases on tea bushes, seveiits of infestation of pests and diseases 
wa-: observed during the rainy reason n9.7.65 to 27.9.65 on a sample of 
tea bushes under each shade .species in the six circles, namely, Xowgong, 
Jorhat, Nazira, Dibrugaih, Nahaikatin and Panitola of the .■\ssam valley, 
b'timated percentage areas of ti.a bushes affected by pcst^ and or diseases 
iintler different shade species by circles are given overleaf. 
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Eitimaled percentage areas of lea bushes affected by pests andfr diseases under 
different shade species 



[Period oj obseivation : 

PJ.7.65 to 27.9.65) 



Estimated 

percentage 

a teas of 

tea bushes 

under 

Circle 

Albizzia 
odor a is- 
sima 

Albizzia 
procera ; 

Albizzia 

chinensis 

i Delbersia 

1 ■ 

! assamtea 

1 

Over-all 

species 

(ll 

(2) 

1 

(3) 

(-t) 

1 (3) 

(6) 

Nowgong 

32.3 

j .\ot 
j observed 

36.9 

No. 

j observed 

33.6 

Jorhat 

! 29.9 

t 

1 24.1 

33.6 

13.3 

27.9 

Xazira 

27.2 

36 . 4 

12.4 

17.6 

27.1 

Dibrugarh 

7.3 

i la. 9 

17.0 

8.3 

13.8 

\ahar- 

katia 

1 

23.2 

.c, i 

21,3 

16.0 

22.5 

Pan i tola 

1 1 1.6 

l,).a 

l<) 6 

12 8 

15,2 

Over-all 

' 26.4 

21.8 ' 

26.5 

1 12.9 



23.5 


It is seen from the above tal)lc that, over the circles, 2b [jcr cent of tea 
bush areas were affected by pests and /or diseases under each of the species 
Albizzia odoratissima and Albizzia ehinensi^: the correspoiidini' percentages 
under Albizzia procera and Dalbeigia assamua were 22 and 13 respectively. 
However, the percentage area of tea bushes alfected by pests and/or disea.ses 
varied between circles, between species and also according to the interplay 
of the factors. 

However, it will be vital to examine whether or not the .same trends of 
pests and diseases incidence on tea bushes under different shade species 
will be observed during their peak periods of attack and also the incidence 
of pests and diseases on tea bushes in full sun. 

Sampling and Experimental Technique 

Desirable and nece.ssary specialised items of woik, such as evolving 
ampling and experimental techniques lor expetimentation on tea so as 
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to minimise the cost and optimise the efficiency of experimentation could 
not be persued in practice during the >car, although the paper plans are 
aheady in hand, because the Department was mainly confined to using 
desk calculators, in the absence of electronic computer facilities within 
easy reach of Tocklai. 

Although much progress has l)ccn made Ijy adopting appropriate statis- 
tical designs to increase the efficiency of cxj;crimcntation, many questions 
peculiar to tea remain to Ire soKcd. OI particular and pressing urgency 
is the need to evolve sampling techniques at the field for the manufacture 
of miniature samples. 

The ultimate aim for many experiments t^ to anaKse results in terms 
()l profit per hectare rather than as simple yields or valuations as is done 
at present. 


Touring and Advisory 

The Statistician and one member of the Department visited I. I. T., 
Kanpur in conr.cction \sith the statistical ar.aly'is of data from the C5 
experiment on the IBM electronic cnmpirtcr. 1 he Statistician also visited 
eleven tea estates itt Darjeeling and live in the Dooars in connection with 
different ex]HTiments; the Indian .Statistical Institute. Cialcutta University, 
IB.M, IC.T, Remingtorr Rand of India Ltd. and C. i'. C'o. offices in Calcutta, 
and Lucknow to attend the IWcnty First .\nnttal C-onlerence ol the Indian 
Society of .Agricultural Statistics. 

Three members of the Department visited Bokahola F. E. weekly in 
connection with the uniformity trial. Mr. .A. R. Sarkar. Statistical Assis- 
tant, attended the course on electronic computer at I. S. 1., Calcutta from 
15.10.67 to 15, 1. 68. 



LIBRARY AND PUBUCATIONS DEPARTMENl' 
LIBRARY 


General 

The nucleus of the Library was founded in the Indian Museum in 
Calcutta in 1900, transferred to Tocklai in 191 1 and by now it is one of the 
best special libraries in eastern India. 

As a true special library, the bulk of the stock comprises of journals, 
some of which date back in unbroken sequence to 1900 which is indeed 
a rare collection. 

Besides the scientific staff of the Station, Members of TRA and workers 
from other accredited institutions are free to utilise the library. 

A large number of scientific and technical books have been received 
during the year under the Colombo Plan as gifts from the United Kingdom. 

Currently the library subscribes to 114 scientific journals published in 
India or abroad and received 84 journals free or on exchange for our own 
publications. 

The rapid increase of subscriptions to foreign scientific journals has 
proved embarassing and unless some way can be found of obtaining them 
on Foreign .Xid programmes a number of important journals will have to lx- 
dropped from the subscription list. 

Loan Service 

Publications issued to the different departments during the year from 
the Central Library totalled 387 and 370 other publications were consul- 
ted in the library itself. 

Reference Section 

One set of the Encyclopaedia of Science and Technology (15 Volumes), 
one set of Eveiq-man Encyclopaedia (12 Volumes), one set of the Interna 
tional Encyclopaedia of Science (4 Volumes), one set of the Shorter Oxford 
English Dictioncry (2 Volumes) and other permanent reference books 
were added to the reference section of the library during the year. 

Book Binding 

.\ total of 553 books and volumes were Ijound from April 1967 to March 
1 Many of the old volumes bound between 1912 and 1940 require 
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rebinding, they having deteriorated because of the hot and humid summer 
conditions in Assam but unfortunately funds are not available to allow 
this project to go forward. 

Reorganisation 

Accessioning and Classification are in progress, and as soon as comple- 
ted, will be followed by cataloguing and indexing in cards. One docu- 
ment printer has been purchased and one microfilm reader has been re- 
ceived on rental basis. 

Reading Room 

A new libraiy reading room has been built as an adjunct to the library 
building. 

Library Statistics 


Rooks added during the vear 

— 

97 

Periodicals & [otirnals 


1716 

Pamphlets 


391 

•Maps 


4 

Plll)toOO|)i<'s 

— 

3 

Microco|)it s 

__ 

31 

Kept inis 

-- 

17 

'll ansl.itiiius 

— 

2 


PUBLICATIONS 

I'ocklai publishes Annual Scientific rcporis; Two iS; A Bud. a quarterlv 
journal for practical planters; fca Lncyclopacdia Siiials on difi'erent 
aspects of tea growing and matiufacturc; Mcnioianda on specific aspects 
of tea and occasional .scicntilic papers, 'fhese arc printed and distribi:ted 
to r. R. A. Members free of cost and sold to Xon-Mcmbcrs all over the 
world. 

In addition, the Coiifcience Procccilings. the Summarised Annual 
Scientific Report and other papers arc pnbli'hcd. foi restricted distribution. 

The following publications were issued by the Station during 1967 68: 

(1) ‘‘ Two & .\ Bud" , Newsletter 'i Wd. 1 1. Nos. 1.2.3 & 4. 

(2) .\nnual Scicntilic Report for 196('. 

(3) Wall-chart ‘RecommciKl.itions for the control of Pests and Dis- 

eases of Pea & Shade rices'. 

(4) Summarised Annual Scii'iuilic Report lor 1967. (restricted cir- 

culation.) 
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( 5) Soil Survey of Jorhat District 1967/68, Part 1. 

( 6) Proceedings of the Twenty Third Conference held at Tocklai 
7th 8th & 9th November 1967. (restricted circulation) 

( 7) NIeteorological Records- North Past India, Tea areas (restric- 
ted circulation.) 

Tea Encyclopaedia Serials (Revised) 

( 8) 1/2 Encyclopaedia of Tea A. 1. 

( 9) 23,1 Stump Planting of Shade Trcct E. 1. 

(10) 74/4 List of available publications .A. 3. 

(11) 75/7 Inde.x of Encyclopaedia of Tea Serials i.ssucd to May 1967 A-1. 

(12) 123/2 General Index of Encyclopaedia of I ’ea A. 1. 

(13) 131/2 General Index of “Two & A Bud” Vol. 1. No. 1 to 13, 
No. 4, December 1966 A. 5. 

(14) 122/3 ClassiOed Index of Encyclopaedia of I'ca .\. 1. 

(15) 155 2 Index of .Articles published in ” I'wo & .A Bud” 1951-1966 
A.5. 

(16j 45 I Fermentation Floors and Racks for Fermenting Leal by 
the Conventional -Method K. 5. 

.17) 69 2 Tea Fasting Terms K. 10. 

Tea Encyclopaedia Serials (New) 

(18) 171 Power Spraying 1. 4. 

(19) 172 Conventional Roller/C. T. C. Manufacture K. 1. 


J. N. Sharma 

Librarian and Publication In-charge 



APPENDIX A 


List of Experiments 
Conducted on Member Estates 
By 

the Advisory Department 


Soath Bank 


Project 

Site (T.E.) j 

Index 

1 

Year o( 
starting 

Rehabilitation of land 

Sangsua j 

Duklingia 
Ghillidary 
Hansara 

AS 45 

AS 48 

AS 49 

AS 50 

1963 

1964 
1964 
1964 

N P K Manuring ! Murmuria AS 1 1 

Khoomtaie ' AS 29 

Ligri Pookri ■ AS 39 

Katonibari I AS 'l l 

Hunvval AS 51 

Dirok i AS 63 

1956 

1959 

1961 

1963 

1964 

1965 

Nitrogenous fertiliser ! Sycotta 

' Sagmootca 

1 Joonktollcc 
' Nahor Habi 
Furkating 
llalmirah 
Cinnamara 
Melcng 

Borsillah 
Joonktollec 
Gabroo Purb it 

AS 56 

AS 62 

AS 6-1 

AS 65 

AS 69 

AS 71 

AS 77 * 

AS 78 * 

AS 79 • 

AS 82 

AS 83 

1954 

1965 

1966 
1966 
1966 
1966 
1966 
1966 

1966 

1967 
1967 

Pruning (.innamaia 

Duklingia 

Duffiating 

AS 12 

AS 13 

AS 84 

1957 

1958 
1967 

Irrigation Amluckie 

'Fuwkok 

AS 52 

AS 66 

1963 

1966 


'I'uwkok I AS bb 

Rorahi 


15 
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Project 

1 

! 

Site [ r E.) 

Index 

Year of 
starting 


! 

Gorunga | 

AS 68 

1966 

Irrigation (cont) 

Gabroo Purball 

AS 70 

1966 


Dejoo Valley ! 

! AS 72 1 

1966 


Dejoo Valley j 

AS 73 

1966 


North Bank, Assam 


J 


Project Site (T. E.) 

Index 1 Year of 

i starting 

1 

Rehabilitation of land Tarajuli 

Deckiajuli 

AN 46 1964 

AN 47 1 1964 

Nitrogenous fertiliser Halem 

N’ahorani 

Gingia 

Shakomato 

AN 3 1933 

AN 59 1964 

AN HO ♦ ^ 1966 

AN 81 * i 1966 

Pruning Phull)ari 

Ghoirallie 

Kolony 

AN 58 1964 

AN 60 1965 

AN 76 1 1966 

1 ! 

Irrigation Balipara 

Sessa 

Durrung 

Mazbat 

1 

AN 55 1963 

AN 61 1965 

AN 7 4 1966 

AN 75 1966 

Cultis'ation and weed con- Halem 
trol Halem 

AN 15 1958 

AN 31 , 1960 


I 


♦ EHTcct of nitrogen with and without liming 




( ) 

Cachar, Assam 


Project 

Site (T. E.) 

Index 

Year of 
starting 

Rehabilitation of land 

Koomber 

C 25 

1964 

N P K Manuring 

Isa Bheel 

C 26 

1966 


Hattikhira 

C 27 

1966 


Longai 

C 28 

1966 


Silcoorie 

C 32 

1967 

Nitrogenous fertiliser 

Pallorbund 

C 29 

1966 


Dewan 

C 30 

1966 

Pruning 

C'oombergram 

C 21 

1961 


Longai 

C 22 

1962 


C^lrandighat 

C 23 

1962 


Silcoorie 

C 24 

1962 


Palloi bund 

C 33 

1967 


Dewan 

C 34 

1967 

Irrigation 

Roopachena 

. . 

C 31 

1966 

Shade and Manuring 

Ccombergram 

C 20 

1962 


Dooars & Terai, West Bengal 


r 


Project 

Site ( r. L- ■ 1 

Index 

Year of 
starting 

Rehabilitation of land 

1 Bl'.ogotporc 
' Giassmorc 

D 27 

D 28 

1964 

1964 

N P K Manuring 

i Kalchini 

Needam ^ 

D 1 

D 30 

1954 

1963 

Nitrogenous fertiliser 

Baradighi 

D 33 

1966 


i 1955 
I 1954 


Pruning 


Chuapaia 

Baradighi 


D 2 
D 4 
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Project 

Site (T. E.) 

Index 

Yearol' 

starting 

Pruning 

Sam Sing 

D 34 

1 1966 


New Chumta j 

TR 2 

! 

1966 

Irrigation 

Baintgoorie 

D 31 

1965 


Rajabhat 

D 32 

1965 


Gopalpore 

i D 35 

1966 


New Chumta 

TR 1 

1966 

Cultivation and Weed 

Bhatpara 

D 10 

1957 

Control 

Chuapara 

D 11 

1 

1937 

1 

Shade and Manuring 

Nya Sylee 

D 24 

1962 

Shade 

1 Nya Sylee 

D 9 

1958 


Darjeeling, West Bengal 


Project 

Site (T.E.) 

Index 

Year of 


_ . .J 


starting 

N P K Manuring 

1 

lumsong ' 

i);22 

1965 


Sungma 

Dj 23 

1 

1965 

Nitrogenous fertiliser | 

Singcll 

Dj 26 

1966 


Marybong 

Dj 28 

1966 

1 

Lingia 

Dj 29 

1967 

1 

1 

Pruning ; 

Lingia 

Dj21 

I 1%3 


Phoobscring 

Dj24 

1965 


Goomtee 

Dj 25 

1966 


Margaret’s 

1 



Hope 

Dj 27 

1966 

Plucking 

Mim 

Dj 18 

1961 

Shade and Manuring 

Nagri Farm 

Dj 19 

1961 















APPENDIX B 


List of Experiments 
C onducted in the Member Estates 
By 

the Other Departments 

Agricultare Department 


Experiment 

Location of ! Site (T. E.) 

Estate j 

Index 

No. 

Year 

started 

1. Rehabilitation 

i South Bank. Assam 1 Hunwal T. E. SI 

1966 

trial 

' 1 

1 


1967 

with grasses & 

1 

' 


Cover crop. 

1 

1 



2. Rehabilitation 


S2 

1966 

trial with 



1967 

grasses by 

1 



manuring 

■ 



Soils Department 

Experiment 

Location of Estate j Site (T. E.) 

Index 

Year 


j 

No. 

started 

1. Reclamation of 

Dooars, 1 



Sub- Acid Soils 

West Bengal Biipara 

D. 401 

1966 

2. 

Bundapani 

D. 402 

1966 

3. Trials of 

,, ' Birpara 

— 

1967 

Clones on Sub- 




Acid Soils 




4. Reclamation of 

North Bank, 



Sub-Acid Soils 

Assam ^ Nilpur 


1967 
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Botany Department 


Experiment 

Location of Estate 

Site ('f. E.) 

Indt K 
No, 

Year 

started 

1. Trial of biclo- 

South Bank, Assam 

Hapjan 

AS 200 

1963 

nal seed stocks 





2. 

)) 

Tengpani 

AS 201 

1963 

3. 

y> 

Tengpani 


1965 

4. 

yy 

Kakajan 

AS 206 

1966 

5. 

North Bank, Assam, 

Nahorani 

AS 202 

1963 

5. 

)) 

Sonabheel 

AS 203 

1964 

7. 

)) 

Durrung 

AS 204 

1965 

8. 


Bhooteachang 

AS 205 

1965 

9. 

Cachar, .Assam 

Jellalpore 

C 200 

1963 

10. 


Dewan Oroup 

C 201 

1966 



of estates 



11. 

Dooais. West-Bcngal 

Sathkyah 

]) 200 

1962 

12. 

yy 

Bhatkawa 

D 201 

1962 

13. 

>* 

Bhatkawa 

D 206 

1965 

14. 

99 

Hantapara 

ID 202 

1964 

15. 

»» 

Mecnglas 

D 203 

1964 

16. 

)> 

Hasimara 

1) 201 

1964 

17. 

>» 

Rydak 

Dj 205 

1965 

18. 

Darjeeling, 

Mim 

D, 200 

1961 

19. 

West Bengal 

Ging 

DJ201 

1965 

20. Effect of shade 

South Bank, .Assam 

Mnrmuria 

.AS 207 

1965 

and nutrients 





2 1 . Observation 

99 

Bazaloni 

— 

1962 

plots 





22. 

99 

Ducklingia 

— 

1963 

23. 

North Bank, Assam 

Nonaipara 


1966 

24. 

Terai, W. Bengal 

New Chumta 


1963 


Entemology Department 



Experiment 

Location of Estate Site (T.E.) 

Index 

Year 



i 

I 

No. 

started 

1 . Scarlet mite 

.South Bank, Assam 

1 

Bokahola 

iN7 

1967 

2. Elcological stu- 

1 

99 

1 Murmuria 

N 7 

! 1966 


dies on the mi- 
te pests of tea 
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Mycology Department 

I 

f 


Experiment 

Location of Estate 

i 

Site (T.E.) 

Index 

No. 

1 

Year 

tarted 

1. Eflcct of Che- 1 
mical treat- i 

ments on dis- 
ease control 1 

South Bank, A^-am! 

I 

t 

Dahingeapar 

1 

1 

t 

i 

1967 

2. CUiemical con- , 

trol of Corti- ( 

cium ini’iium i 

3. i) Chemical 

control of 

! 

i 

Suffry 


1967 

Corticium theae, 
ii) Efficiency of 
dilfercnt . 
spraying , 
equipment j 

ft 

i 

I 

( 

1 

t 

Cinnamara 


1967 

4. Chemical con- 
tiol of [inrple 
loot rot. 

Nortli Bank, .\ssanV 

1 

Baghmaii 


1965 

.* 1 . Elfect ol top- 
spra\ ing and 
Indopasting 
on disease 
incidence 

i )ai jcoliniT 

Wt'Ni Ih'iu^al 

1 

i 

Runglee Run- 
gliot 

j 

19G2 

6. 

} 

7? 

C3iamong 

' — 

1962 

7. Observation on 
the relation 
between N'.P.K 
manuring and 
Thorny blight 


Sungnia 

i 

1 

i 

1 

1 

1966 

8. Elfect of chemi- 
cal application 
in relation to 
disease develop- 
ment. 


Happy Valley 

i 

1966 

9. BAS 20 in col- 
lalioration with 
Botany 

.South Batik .Assam 

Miirmui ia 


196/ 
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Pesticide Department 


Experiment 

Location of Estate 

! Site (T.E.) 

1 

I 

Index 

No. 

Year 

started 

1. Red spider 
prophylactic 
spraying 
experiment 

South Bank, Assam 

1 

i 

1 

\ Dahingeapar 

1 

i 

1 

) 

i 

1967 

2. Red spider 
Palliative 
spraying ex- 
periment 

1 > 

i 

1 

! 

. 

i Dahingeapar 

i 

j 

1 

I 

1 

1967 

i 

1 

1 

3. Pink and Pur- 
ple mite Pallia- 
tive spraying 
experiment 

1 

i 

1 

i Deha 

1 

1 

1 

1967 

4. Scarlet mite 
Palliative spra- 
ying experiment 

)> 

I’eok 


1 1967 

5. Joint action of 
pesticides for 
control of com- 
bined infestati- 
on of Red spi- 
der, Scarlet and 
Pink mites in 

one area 

6. Joint action of 

Darjeeling, 

: 'I’eok 

1 

1967 

pesticides for 
control of com- 
bined infesta- 
tion of Red spi- 
der, Scarlet mite 
and Scales in 

one area 

West Bengal 

Balasiin 


1967 

7. Joint action of 
pesticides for 
control of com- 
bined infesta- 
tion of Red 
spider, Scarlet 

Tcrai, \V. Bengal 

Merrvvicw 


1967 


( Its ) 


Experiment 

Location of Estate 

Site (T. E ) 

Index 

No. 

Year 

started 

and Purple 





mite in one 





area 





8. Joint action of 

I erai, W. Bengal 

Sahabad 


1967 

pesticides for 





control of com- 





bined infest- 





tion of Red 





spider, Scarlet 





mite and Thrips 





in one area 





9, Helopeliis trial 

91 

Gulma 


1967 

Palliative 





10. Looper trial 

South Bank, .Assam 

Do\ang 

~ 

1967 

11. Cockchafer 

Dooars. W. Bengal 

i' Bliaikawa 


1964 

trial 



j 

conti- 



ii) Runga- 

1 

nued 



muttee 

— 

1967 

12. Blister blight 

Darjeeling, 

Goom'ce 

— 

1967 

trial 

West Bengal 


1 


— 

1 

Engineering Department 

1 ! 

. 1 


I 

Experiment Location of Estate Site (T.E.) Index jYear 

I No. started 

I 


1. Continuous j South B.tnk, llunwal ' I 196 

Tray Drier i | j I 

2. Continuous Dukliiigia » 

Fermenting | j 

cum Drying I 

Machine j 

3. Experimental I Kamaipur »< 

15' Alumini<ini 1 

Rotnrvanc 
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f 


Experiment j 









4. 76 cm (30') 

South Bank, Assam 

Kotalgoorie 


1967 

Disc Roller 

Darjeeling, 

Ging 



if 


West Bengal 


j 


5. Cone Attach- 

Cachar, Assam 

a) Dewan and 



1 

ment for the 


then Seris- 



38 cm (15”) 


pore 



Rotorvane 

Dooars, 

b) Runga- 

— 

ff 


West Bengal 

muttec 



6. Cone Attach- 

South Bank, Assam 

Tengpani 

— 

>f 

ment with sle- 
eve for 38 cm 
(15”) Rotor- 



! 


vane 





7. Manual Pluck- 

» 

a) Tengpani 

— 

f. 

ing Aids 

Darjeeling, 

b) Goomtee 

— 

r J 


West Bengal 

c) Soom 

— 

>» 


7f 

d) Runglee 
Rungliot 
c) With 

— 




C.A.O. 
West Bengal 


I 



f) With 


} 

1 } 



C.A.O. 
West Bengal 

1 ~ 

1 yf 



Experiment 
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Statistics Department 


1. Uniformity 
trial 

2. Uniformity 
trial 

3. Long term di 
foliation ex- 
periment 


Location of Estate 

Site (T. E.) 

Index 

Year 

) 

1 


No. 

started 

South Bank, Assam 

Bokahola 


1963 

Darjeeling, 

Nagri Farm 

1 

1 

1964 

West Bengal 


! 

i 


Dooars, West Bengal 

Nya Sylee 

j — 

1963 

t) 

Bhogotpore 

1 

1963 


Jiti 


1963 

>> 

Hope 

— 

1963 

>> 

Kurti 

■ — 

1963 






APPENDIX - C 


PUBLISHED PAPERS AND PAPERS IN THE PRESS 

1. Banerjee, B. (1967). Seasonal changes in the distiibution of the 
millipede, Cylindroiulus punctalus (Leach), in decaying legs arid soil. 
J. Anim Ecol. 36, 171-177. 

(Abs. The proportions of the population of Cjlindrtiulus punctalus 
in the different soil layers and in logs lying on the soil vary during 
the year. From March to June, adults move out of the mineral 
soil into the L -|- F + H layers and into oak logs. Here, 
under the bark, they oviposit. At the end of breeding season, 
i. e. during September and October, the adults migrate from 
the logs into the L -f- F -!- H layers and eventually into the mineral 
soil where they overwinter. Eggs and first three instars are found 
beneath the bark, while the rest of the immature instars (fourth to 
seventh) are passed in the litter.) 

2. Banerjee, B. (1967). Distribution of alkaline phosphatase in the 
castes of the termite, Odontotermes redemanni (Wasmann), and its role 
in caste formation. Insectes Sociaux 14 (1), 51-56. 

(Abs. The distribution of Alkaline Phosphatase in the brain 
cells and digestive tracts of different castes of Odontotermes redemanni 
(Wasmann) is very specific. In the larvae three different pat- 
terns of phosphatase distribution are evident, one each resembling 
the reaction pattern in the worker, soldier and reproductive 
castes. Caste remains undifferentiated during early embryo- 
genesis Workers carry the exudate containing inhibitory and/or 
stimulator substance from the queen to the undifferentiated 
larvae in nurseries. Selective application of the exudate deter- 
mines the future courses of development of the larvae which then 
show phosphatase reactions specific to the castes they arc develop- 
ing into) 

3. Banerjee, B. (1967). Diurnal and seasonal variations in the activity 
of the millipedes, Cylindroiulus punctalus (Leach), Tachypodoiulus niger 
(Leach) and Polydesmus angustus Latzel. Oikos 18, 141- 144. 

(Abs. Trapping of natural populations of Cylindroiulus punctalus, 
Tachypodoiulus and Polydesmus angustus showed that these millipedes 
are most active during darkness from one hour after sunset till 
one hour before sunrise. In summer (April-June) they become 



( 119 ) 


active in the afternoon in full daylight, It is suggested that 
this is made possible because millipedes develop a resistance to 
desiccation during this period. Seasonal variation in numbers 
trapped is not significantly correlated to either temperature or 
rainfall, but is associated with the breeding cycle of the millipedes.) 

4. Das, G. M. and Das, S. C. (1967). Effect of temperature and humidity 
on the development of tea red spider mile, Olioonychus coffeae (Nietner). 
Bull ent. Res. 5 7 (3), 433-436. 

(Abs. The development of Oligonychus coffeae (Nietner) is 
affected by temperature and humidity. The pre-oviposition 
oviposition and post-oviposition periods of adult females at 
75-80% relative humidity vary in%’ersely with temperature. The 
average number of eggs laid per female likewise varies inversely 
with temperature. 

No eggs hatch when incubated at 34'C, irrespective of humidity, 
or atl7% R. H., irrespective of temperature. A combination of tem- 
peratures and relative humidities within the ranges 20-30 'C, and 
49-94');, R. H. provide the optimum conditions for incubation. 
When the eggs are exposed daily on five days to high temperatures 
(37 and 40 °C) for six hours at 72-94% R. H. and then transferred 
to room-condition, the percentage of eggs hatching is considerably 
reduced. 

The mean incubation period of eggs and the mean duration of 
immature stages are reduced with the rise of temperature. At 
32 '"C, larval mortality is very high.) 

5. Banerjce, B. Aggregating behaviour of the caterpillars of Andraca 
bipunctata Wlk. Science and Culture (communicated). 

6. Banerjee, B. and Kakoty, N. N. Biology and control of Ragmus import- 
unitas Distants. Ind. J. Ent. (communicated.) 

7. Bezbaruah, H. P. An evaluation of preparatory procedures for leaf- 
tip chromosome spreads of the tea plant {Camellia sinensis). Slain 
Technology. (In the press) 

8. Bezbaruah, H. P. Genetic improvement of tea in North East India- 
its problems and possibilities, .\ational Symposium on Accelerating 
Improvement of India's Plant Resources, I. A. R. I. (New Delhi). 

9. Hadfield, W. Temperature, leaf pose and productivity of the tea bush. 
Nature (In the press) 
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10. HadBeld, W. Leaf pose and light penetration in the tea bush. Journal 
of Applied Ecology, (in the press) 

1 1. Rahman, F. Effect of Mulches, Levels of Nitrogen and Irrigation on 
Nutrient uptake Moisture Depletion Pattern and Certain Soil Proper- 
ties in a Cauliflower Field. Indian Agriculturist (In the press) 





Summary of Meteorological observations during 1967 
Tabic 2. Silcooric (Gachar) (24o50'N, 92«>44*E, 39-6 meters a. 
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Sumjnaty of MeleorologtM^ observations during 1967 
Table 3. Nagrakata (Dooar.) 88®55'E, 228'6 meter* 
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Summary of MeUorological obsereations during 1967 
Table 4. ''Nagri Farm (Darjeeling) (26o55'N, 88ol2'E, 1,158'2 meters 
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PtT cent Rtlatm humidity 
Table 1 (a) Tocklai 
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Per cent Relative humidity 
Table 3(a) Nagrakata 
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Note : Data in brackets show previous averages 
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